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SUMMARY
The cyanide induced cyclisation of a number of substituted
2-acetamido-NrC&-nitrobenzylidene)anilines was investigated, resulting 
in the formation of the appropriate unambiguously substituted 
quinoxalino[2,3~il]cinnolines. During the course of this study, it was 
found that by-products were formed during the reaction. These were 
investigated briefly, and found to be the 5-oxide of the parent 
quinoxalino[2,3~i2.]oinnoline, and a 2“amino-3-(iI-nitrophenyl)- 
quinoxaline, thought to be formed by aerial oxidation of intermediates 
in the cyclisation process.
The reaction of a number of substituted quinoxalinocinnolines
with gaseous hydrogen halides was investigated. It was found that 
those quinoxalinocinnolines with no substituent at position 10
underwent chlorination at this site, by apparent replacement of a 
hydrogen atom with a chlorine atom. When compounds with substituents 
at position 10 were reacted, chlorination occurred at position 9 in a 
few cases, failed in a few others, and often gave product mixtures. 
With the aid of theoretical studies carried out on the chlorination 
process by Dr. C. Glidewell, a mechanism for chlorination is 
proposed, that attempts to explain the distribution of products.
An investigation was carried out on quinoxalinocinnolines with 
halogeno-substituents, in order to determine whether the substituents 
are labile to methoxide ion. It was found that chlorine at position 
10 was easily replaced in mono and dichloro-derivatives, while
chlorine at position 9 was either resistant to replacement by 
methoxide, or was much less reactive than the chlorine at position 
10. Bromine at position 10 was found to be relatively unreactive.
while bromine at position 9 appeared totally inert.
The n.m.r. and mass spectra of the quinoxalino-
[2,3-n3cinnolines are discussed in detail.
INTRODUCTION
An area of growing synthetic importance is the utilisation of
reactions involving chemical interaction between aromatic nitro groups
*1 0. t)and ortho side chains. There is a wide range of such reactions, *
involving, for example, cyclisations achieved via intramolecular
1 2condensations similar to the aldol type * where the nitro group
provides the electrophilic centre; intramolecular displacement of
1 3nitro groups; and photochemical, ’ thermal and redox processes.
Reactions of these types often (but not always) lead to benzaza
heterocycles, and in many cases afford products that are otherwise
inaccessible (e.g. heterocyclic Ji-oxides of unequivocal structure, 
and nitrosoarenes).
Condensation reactions generally occur where the electrophilic 
centre ‘is a carbonyl, nitro or nitroso group, and where the 
nucleophilic centre is a primary amine or a carbanion derived from a 
reactive methylene group. Compared to nitroso groups, nitro group's
appear to be less reactive towards nucleophiles. It is difficult to 
find a case showing an unequivocal inter piolecular condensation
reaction between a nitro group and a nucleophile. However, the steric 
factors prevalent in intramolecular interactions permit such 
condensations.
Depending on the nature of the side chain ortho to the nitro 
group and the position of the nucleophilic centre contained therein, 
rings of various sixes can be formed containing up to three
1heteroatoms, reaction proceeding by a mechanism of the general type:-
'XH
HO O
Most such cyclisations are acid or base catalysed, base catalysis 
predominating. Consequently, alteration of the reaction conditions 
employed can result in modification of the nature of the reaction and 
its products (for example, use of strong aqueous bases can result in 
hydrolysis of esters to acids, cyano groups to amides, and can bring 
about intramolecular reduction of the nitro group to a nitroso or 
hydroxylamine function)♦
An example of the formation of a heterocyclic compound from an
nitrobenzene derivative, illustrating some of the points made above,
is the formation of 1-hydroxyindole derivatives (1) from n-nitrobenzyl
compounds. When the ü-nitrobenzyl derivative has at least one
reactive centre in the ortho side chain, 1-hydroxyindoles are formed
in good yields. If there are two reactive centres, then
quinoline-N-oxide formation becomes a complicating factor. Substrates
for this cyclisation (2) can be obtained by the reaction of
ü-nitrobenzyl chloride (3) with reactive methylene compounds (4) in
the presence of base (figure 1).^’^  Alternatively, 1-hydroxyindoles
can be formed from the requisite jp-nitrobenzylidene derivatives (5) by
warming with aqueous ethanolic potassium cyanide (presumably by
6 7 8formation and cyclisation of the corresponding HCN adducts, ' ’ such
adduots not normally being isolated). For example the cyclisation of 
ü-nitrophenyloinnamonitriles (6) to 3-cyano-1-hydroxy-2-phenylindole 
(7)^ and the quinoline-JN-oxide (8)^^ as shown in figure 2.
3)
CHgCI
NO,
R
+ HC
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The distribution of products is dependent on the nature of the 
reaction conditions used, strongly basic media and the presence of 
electron withdrawing substituents in (5) favouring formation of 
quinoline-ü-oxides, probably via an intramolecular redox process.
Reactions involving addition of cyanide ion to .o-nitrobenzylidene 
compounds are of particular utility, with respect to the wide variety 
of cyclisation products obtained.
The above mentioned reactions result in the formation of 
heterocyclic products containing one heteroatom. The introduction of 
other heteroatoms into the side chain permits formation of rings with 
more than one heteroatom. Among the substrates for such reactions are 
the nit'ro-substituted benzylideneanilines, Schiff bases derived from 
the condensation of the appropriate primary aromatic amine and 
aromatic aldehyde.
ArCHO NH^Ar A rC H -N A r '
Ji-benzylidene--ü-nitroaniline (9) is formed by the condensation of
11ü-nj.troaniline with benzaldehyde. Schiff bases of this type are very
reactive towards nucleophiles, and the reaction of (9) with a number
12of nucleophiles has been reported.
'2
(9)
•« ^
Of particular interest is the reaction of (9) with potassium
cyanide. In dry methanol, (9) is oyclised to 1-hydroxy-
122-phenylbenzimidazole (11:X=H, tautomeric with 2-phenyl-
benzimidazole-ü-oxide), Cyclisation of substituted anils (12) results
11in formation of l-hydroxy-2-phenylbenzimidazoles in good yield. In 
general, benzimidazoles are the only products isolated from such 
reactions. However when a second product is produced,
N-£~nitrobenzoyl“^ -nitroaniline (13: Ar:: , probably formed
by oxidation of the anil.
H
o.2 
(12)
X = 0”Br; o-Cl; o-CH,
OHi
X
H
O"
/ \
•X
R-Cl; ErOCty; R-CH^J
Benzanilides (13) can be formed by the reaction of
N-benzylideneanilines with cyanide ion in an oxidising solvent such as
12,14dimethyl sulphoxide, and can also be formed indirectly from
N-j>-nitrobenzylideneanilines in methanolic solution, as illustrated in 
the sequence in figure 3.'^’^  ^ In absolute methanol, c<-methoxyanils 
(imidate esters) (14) are formed. Thus the formation of (13) in the 
reaction of ü-ji-nitrobenzylidene-ii-nitroaniline can also be 
rationalised by means of figure 3> if it is assumed that the cyano 
anil is formed and hydrolysed on isolation.
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A possible mechanism for the cyclisation of (12) to (11) is shown 
in scheme 1, and is similar to that proposed for the formation of
1-hydroxyindoles from ^-nitrobenzylidene derivatives.^'^ The 
intermediacy of the adduct (15) is suggested by the conversion of the
anilinonitrile (16) to (11) by mild base.
CNI
17
CHNH
NO
(16)
This conversion of benzylidene-^-nitroanilines to
1 82-aryl“1“hydroxybensimidazoles (2-arylbenzimidazole-3-oxides) is of
synthetic importance since the reaction conditions employed are less
severe than base-catalysed processes used on other ü-nitroaniline 
19derivatives to produce similar compounds.
The structurally related Schiff bases, the
ni tr obeuz yl ideneanil ines (17), react with potassium cyanide in
glacial acetic acid or under aqueous conditions to form
20 21 222-aryl~3-Gyanoindazole-1-oxides (18). ' These reactions
presumably involve addition of hydrogen cyanide across the double bond
in (17), and cyclisation of the resultant adducts (19), since some of
the adducts, made by alternative methods, yield the same indazole
21oxides on treatment with mild base.
kA
NHCH
NO.
X
(19)
When ^ -^-nitrobenzylideneaniline derivatives (17) are heated with
cyanide ion in methanol, the products are different, the major
23products generally being 2-aryl-3-cyanoindazoles (20), and 
4“arylaraino~3'"niethoxycinnoline--1”Oxides (21:R=H=Y) being the minor 
products.
OCH,
(21) (20)
When X is a raethoxy substituent, the indazole oxide is also a 
major product. When the anilines from which the anils are derived are 
ortho substituted (Y=Br;C02CHg;.prMe.C^H^-), the only isolable products 
are cinnoline~1-oxides (21:X=H).
A general route for the formation of the observed products is
shown in figure 4, the HCM adduct of the anil being an intermediate in
the formation of the cinnoline-1-oxide and the indazole. Hiis is
22reasonable since it has been shown that the HCN adducts of
JH-ü~ni.trobenzylideneanilines are intermediate in the formation of 
indazole-1-oxides. There is also precedent for the deoxygenation of 
heterooyelic-Ji-oxides in basic m e d i a , t h u s  the indazole may be 
derived from the indazole oxide via de oxygenation. !*he lack of
formation of indazoles or indazole oxides when anils derived from 
ortho-substituted anilines are oyclised, may be attributed to steric
hindrance. It has not been found possible to form indazole oxides 
from ortho- substituted anils, except where the ortho- substituent is 
methyl or fluoro. No stable HCN adducts have been isolated from such 
reactions, except in the two cases mentioned; if the conditions do not 
permit cyclisation to the cinnoline oxide, the anil is generally
27recovered unchanged.
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The HCN adducts of N-^-iiitrobensylideneanilines on treatment with
mild base (e.g. 0.5M sodium carbonate). or in some cases on
recrystallisation from ethanol, cyolise to give the corresponding
272~aryl-=>3~cyanoindazole~1-oxides. This implies that if the HCN
adducts of the anils are intermediates in the formation of cinnoline
oxides and indazoles, so might the indazole oxides. Indeed,
2-C&~bromophenyl)-3-cyanoindazole-1-oxide and 2-(n-tolyl)-3~cyanO“
indazole-1-oxide on treatment with methanolic potassium hydroxide are
converted into indazole and cimioline-1-oxide products in the same
23proportions as obtained by cyclisation of the corresponding anils.
Indazole~1-oxides may be tautomeric with the open chain 
o(-cyano-jQ.-ni trosobenzylideneanilir.es (23), which in turn may be 
derived ‘ from the HCN adducts of the corresponding anils by an 
intramolecular redox process. Reaction of (23) with methoxide and 
base could be an alternative route to the cinnoline-1-oxides.
NH
NPh
O OH
Scheme 2 represents the various routes by which the products
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10
(18); (21) and (20) may be made, taking into account the different
distribution of products from different starting anils.
The reaction of ü-ü-nitrobenzylidene-^-nitroaniline (24:R=X=H) is 
of interest, since in principle cyclisation is possible involving 
either nitro group. Reaction of this compound with cyanide gives 
neither the indazole oxide (l8:X=jQ.-N0^), nor the hydroxybenzimidazole 
(11 :X=iz-NOg), but the 3-methoxy-4-C&~nitroanilino)cinnoline-1-oxide 
(21: Arso-OgNC^H^), along vrith Ji"(x>~nitrophenyl)-£“*nltrobenzimidate
(25: R=X=H). A route to these products and their derivatives is s^ iown 
in scheme 3.
The proposed routes to cinnoline-1-oxides in schemes 2 and 3 have
an analogy in the Arndt synthesis of 1,2,4- benzotriazine-1-oxides (26
28 20 to 27), and related reactions (28 to 29). There is also precedent
10for the cyclisation of imidates in sequence (30 to 31). Tlie scheme 
proposed for the formation of (25) from (24) is based on the work of 
Ogata and Kawasaki (figure 3).^^*^^
The reason for the absence of hydroxybenzimidazoles or indazole 
oxides among the products probably lies in the presence of electron 
delocalisation in intermediates (32), (33) and (34). In both cases the. 
nucleophilic centres (charged atoms in (32) and (33), amino nitrogen 
in (34)) are attatched to janthn-nitrophenyl groups which will reduce 
the nucleophilicity of the respective sites. The possibility also 
exists of steric hindrance inhibiting attack by such a centre on the 
appropriate nitro group.
NHg
KCN---->.MeOH
(38)
(4 2)
-HO2
NO,
N-^NH,
- 11
An extension of the reactions of ii-nitrobensylideneanilines with 
cyanide ion in methanol would in theory be possible if the Ji-aryl 
group in (17) included a nucleophilic centre, capable of acting as an 
internal nucleophile (35). In such a situation, a competitive 
reaction is envisaged where the internal nucleophile, rather than 
methoxide ion, attacks the cyano function of the HCN adduct (36) of 
(35). The product of such a reaction would be a polycyclic derivative 
of cinnoline-1-oxide (37)• Steric factors would be expected to 
prevent formation of indazole derivatives.
N XH KCN
MeOHNO. NO
(35)
HN
(36)
HN
XH
NO.
A candidate for such a reaction is N.-^ -ni trobenzylidene-
jo-phenylenediamine (38). Reaction with cyanide in methanol might have
been expected to yield the 7,12-dihydro-Quinoxalino-
[2,3“C.]cinnoline-5“-oxide (40). However, treatment of (38) with
cyanide ion results in the formation of the fully aroraatised
quinoxalino[2,3“'^]cinnoline (42), presumably by dehydration of the
31hydroxy species (41).
Schiff base (38) Quinoxalino[2,3*-ç]cinnoline (42) ; (yield$)
unsubstituted unsubstituted (53)
5-Cl- 2—Cl— (54)
4,5-(0CH20)- 2,3-(0CH20)- (56)
4'"(or 5'-)Cl- 9—(or 10—)Cl— (54)
5,4'-(or 5,5'-)Cl2- 2,9-(or 2,10-)Cl2- (68)
4'-(or 5*-)CHg- 9—(or 10—)CHg— (4)
4',5'-(CH2)2- 9,10-(CHg)2- (0)
4-NO2- S-NOg- (0)
S'-NOg- lO-NOg- (0)
1 z
(38)
2 Og 3
X II
Y «
(42)
Table 1 Formation of quinoxalino[2,3~ç]cinnolines (42) from 
N-o-nitrobenzylidene-g-phenylenediaraines (38)
(data taken from reference 3^)
- 12
The cyanide-induced cyclisation of a number of substituted anils
(38) to give substituted quinoxalinocinnolines (42) has been carried
30 31out with the results shown in table 1. ’ There are a number or
features apparent in these results:-
(i) The failure of cyclisations when the aniline-derived ring of anils 
bears methyl substituents.
(ii) The failure of cyclisation of anils containing additional nj.tro 
groups in both rings.
(iii) The ambiguity of structure of the anil (and thus of the 
quinoxalinocinnoline) when an unsymmetrically substituted 
ü-phenylenediamine is used as starting material.
In addition to the above, attempts to make the 
9,10-dichloroquinoxalinocinnoline by this method results in the 
formation of a mono-chloro-mono-methoxy derivative.
The solution of problem (iii) is discussed in the following 
chapter, and the question of methoxydechlorination is considered in 
chapter 5.
13
CHAPTER 1
14
One of the entries in Table 1 of the introduction (p. 12) showed
the cyclisation of (or 5-)' ohl or o-Ji-jB.- ni tr obe nz y lidene-
jQ."Phenylenediamine to '9- (or 10-)' chloroquinoxalino[2,3-J3.]'-
oinnoline. The substitutional ambiguity is due to tiie use of an 
unsymmetrically substituted ja-phenylenediamine in the formation of the 
anil. In principle, in an unsymmetrically substituted
ü-phenylenediamine, either amino function may be the site of
condensation with carbonyl compounds. Ihus 4-chloro- 
ü“phenylenediamine (43) may form the 4- (or 5-») chloro-anil (44,45; 
X=H), or perhaps a mixture of both. Subsequent cyclisation of the 
anil (or anil mixture), results in the formation of one or other, or 
both, of the possible chloroquinoxalinocinnolines (46,47; X=H) 
(figure 5).
(43)
Figure 5 
a) X=Hj b) X=G1
KCN
MeOH
(4 5 )
01 ON
(4 4 )
(47)
(46)
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Similarly, condensation of ^-chloro-jû-phenylenediamine with 
5-chloro-’i3.-nitrobenzaldehyde gives rise to the same problem concerning 
the site of condensation.
It is not possible to tell from the  ^H n.m.r. spectra of the 
mono- and di~chioro-anils, and the corresponding quinoxalino­
cinnolines, which isomer(s) is/are present, though in the case of the 
quinoxalinocinnoline products, it is known that they are single 
compounds rather than mixtures. Therefore, while it is possible that 
a mixture of anils is obtained from the condensation reaction, it is 
probable that minor components are lost in the isolation procedures.
In order to discover whether a mixture of anils is formed, the
condensation of 4-chloro-_Q.-phenylensdiamine with nitrobenzaldehyde
was repeated. Hie crude product from the reaction was examined by 360
MHz n.m.r. spectroscopy, revealing that a mixture of anils (44,45;
X=H) is indeed formed, in the approximate ratio of 4:1. While the
n.m.r. spectrum did identify two components, their identity cannot be
inferred from the spectrum alone. It was also found on re-examination 
1of the 100 MHz H n.m.r. spectrum of the 5,5'-dichioro-anil obtained 
by a previous worker, that here too a product mixture is observed 
(44,45; X=C1). The ratio of the components is again about 4:1. The
assignment of identity of the components in the spectra is discussed 
in chapter 2, p.30, and the assigned spectra are found in tables 5 and
6, p. 30.
These mixtures were subjected to the cyclisation procedure, and
16
again only one quinoxalinocinnoline was isolated in each case. It was 
assumed that this arose from the major component of the anil mixture.
Ihere is an alternative route to quinoxalino[2,3-.Q.]cinnolines
(42). This involves the reaction of 3,4-dibromocinnolines (48) with
jQ;-phenylenediainines to form dihydroquinoxalino[2,3-ô.lcinnoline salts
(49), which when basified undergo subsequent oxidation in air to give
31 32the products (42) (figure 6). ’ Several substituted quinoxalino­
cinnolines have been made by this method. Compared to the Schiff base 
route, this procedure is cumbersome due to the many steps and long 
reaction times required, and the substitutional ambiguity with 
unsymmetrically substituted jQ,-phenylenediamines is not avoided.
Bn OH
OH
Z
•f-NO
NH.
NH, -5-Z
NH- HBr
(49)
base/0
Figure 6
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In order to resolve the problem of the substitutional ambiguity, 
it was necessary to develop an alternative synthetic route to 
quinoxalino[2,3~.c]cinnoline and its derivatives, in which the 
positions of the substituents were known with certainty.
Cl
(51)
01
ON2
(50)
A possible method would be to synthesise a Schiff base from a
diamine in which one amino-group is substantially more nucleophilic
than the other. For example, in 4-chloro-5-methoxy-ü~-phenylenediamine
(51), the presence of the electron donating methoxy-group would be
expected to activate the para-amino group enough to ensure that
condensation with ü-nitro-benzaldehyde occurs at that amino group,
forming ^-chloro-S-methoxy-Ü-ii-nitrobenzylidene-û-phenylenediamine 
31(50) (cf. P» 75 )• However, to be of general utility, such a 
synthetic route should not depend on the chemical or electronic 
interaction of the substituents in order to be successful. It was 
felt that a suitable method might be to protect one of the amino 
functions in the o^phenylenediamine with a good leaving group, 
permitting retention of substitution pattern during the formation of 
the anil. There are many available protecting groups for amino 
functions, and it was decided in the first instance, to proceed using 
an acetyl group as the protecting species, since the synthesis of 
ü-aminoacetanilide and its derivatives should be relatively simple.
(52]
t}iH ON 
CO 2
CHg
(53)
When equimolar amounts of ^aminoacetanilide (52) and
ü-nitrobenzaldehyde in ethanol were heated gently on a water bath,
after a short time a bright yellow solid precipitated out. The ^H
n.m.r, spectrum of this product showed a sharp singlet at <^8.85
corresponding to the benzylidene proton (c.f. 58.92 for the same
proton in H-£.-nitrobenzylidene-^--phenylenediamine), a broad singlet
at SB.48 for the amide .proton, and a sharp intense singlet at S2.22
for the acetyl methyl group. Tlie protected anil, 2-acetamido-
Nr(^-ni trobenzylidene)aniline (53), and two mole equivalents of
potassium cyanide in methanol, were heated under reflux for three
hours. A bright orange crystalline product was obtained on cooling;
on spectral examination it was found to be quinoxalino-
[ 2 , 3 cinnoline (42 a), identical with samples produced from
80nitrobenzylidene-^-phenylenediamine.
The success of this cyclisation at the first attempt was 
considered to be somewhat fortuitous, since it is known that the 
acetyl groups in a number of substituted acetanilides are not 
particularly labile in basic media, under relatively mild reaction 
conditions.However, the acetyl function is obviously lost during 
the cyclisation process, perhaps resulting in the formation of the
Substituents YieldC?) Melting point ( C); 
recrystallising solvent
(55 a) - 82 124-126 (EtOH)
(55 b) 5--C1 82 152-154 (EtOH)
(55 c) 4-Cl 78 162-164 (EtOH)
(55 d) 5,5'-Cl2 89 206-208 (EtOH)
(55 e) 5-CH3 70 133-134 (EtOH)
(55 f) 5-OCH3 77 137-138 (EtOH)
(55 g) 5'-Cl 74 200 (EtOH)
(55 h) 3,5-Cl2 83 216-217 (EtCOMe)
(55 i) 3 ,5,5 '-Cl3 54 226-228 (EtCOMe)
(55 j) 3-Cl 68 216-217 (EtCOMe)
(55 k) 5-Br 84 160-161 (EtOH)
(55 1) 4~Br 72 165-167 (EtOH)
io
CH3(56)
N— CH-v^ —
I S'
W  c=o ^I
C"3
(55)
Table 2 Formation of 2-aoetamido-E~(o-nitrobenzylidene)anilines
(55) from the condensation of appropriate o-amino- 
acetanilides (56) and o.-ni tr obe nz aldehydes
19
unacetylated anil. The general usefulness of this synthetic route 
would depend on the successful cyclisation of substituted anils giving 
rise to specifically substituted quinoxalinocinnolines. Therefore in 
order to test the general utility of this reaction, a number of 
substituted anj.ls (55) were synthesised by condensation of appropriate 
2-aminoacetanilides (56) with _Q~nitrobenzaldehyde or 5-chloro-
2-nitrobenzaldehyde, the results being shown in table 2.
W CO
(56) ^"3
Î
w NH CO
(54)
X
Y NH
OH,
2
(55)
All the anils, except those with a substituent at position 3} are 
bright yellow in colour. The latter anils are virtually colourless. 
The variation in colour is probably due to differing degrees of 
conjugation within the molecular structure, and will be discussed 
later in this chapter. All anils form needle-like crystals, being 
fibrous in 3- and 5-substituted anils, and more of a prismatic form in 
^-substituted derivatives, perhaps illustrating that the crystal 
packing in 4-substituted compounds is more efficient. Where 4- and 
5“Substituted anils occur with the same substituent, the 4-substituted 
compounds have the higher melting point, again probably indicating 
more effective crystal packing. All anils are extremely
20
light-sensitive, darkening to a reddish-brown colour within a matter 
of minutes of their exposure to light. This is found to be 
particularly the case for those anils substituted at position 3, and 
is thought to be the reason why accurate analyses of these compounds 
were difficult to obtain. Indeed, while the analytical data for the 
mono-chioro- and dichloro- compounds is thought to be reasonably good 
considering their instability to light, it was not found possible to 
obtain a reasonable result for the trichloro-anil. The cyclisation 
reaction of the latter compound, is, however, included in the 
following chapter.
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1. H n.m.r. spectra of 2-acetam.ldo-M-(Q-nitrobenzvliclene)anilines (55)
1The H n.m.r. spectra of the 2-ace t£imido~Ji-(_Q.-ni trobenzylidene )-
anilines are shown in table 3. The benzylidene protons all come to
resonance in the range &8.83-9.03, which is very similar to that of
benzylidene protons in unacetylated anils ( 68.88-9.02).^^’^  ^ The most
1striking feature of the , H n.m.r. spectra of the acetylated anils 
(other than those with a 3-substituent), is the downfield shift of the 
resonances corresponding to proton 3 (^8.46-8.42), compared to the
corresponding protons in the unacetylated compounds. Comparison of
the chemical shifts of proton-3 in the mono-chloro acetylated anils
(55 b and 55 c, both at about 68.5), with those of the corresponding 
protons-3* in the unacetylated anils (see table 5, both at about 
66.7), reveals that the downfield shift is about 1.8 p.p.m. The 
remaining protons come to resonance in the same ranges in both 
acetylated and unacetylated anils. Similarly, in the case of the
5,5'-dichloro acetylated anil and the corresponding unacetylated anil 
(table 6), the downfield shift is of about the same magnitude.The 
most likely cause of such downfield shifts is the anisotropic 
deshielding of the proton in position 3 by the carbonyl group of the
acetamido function, ortho to position 3.
The anisotropic shielding zones of the carbonyl group are shown 
34in figure 7, the deshielding effect being strongest in the plane of
the carbon-oxygen bond, and just above the 'surface' where the
shielding effect changes sign. Tiius protons which lie within the
anisotropic deshielding zone due to their position within a molecular
Figure 7 Aniaotropic ahiolding zones of the 
carbonyl group.
Positive-zone-protons deshielded 
Negative-zone-protons shielded
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structure, experience an anisotropic deshielding effect of a magnitude 
dependent on their exact position within the zone. Anisotropic 
deshielding of aromatic protons by adjacent acetainido-groups has 
already been found in substituted acetanilides (57).^^*^^ Calculated 
values for the chemical shift of proton Hpi. when compared with 
experimentally determined values, show chemical shift differences 
that generally increase with increasing size of the ortho-substituent 
R. Such differences are much less in compounds without such a 
substituent. Therefore there is also a steric effect; large bullcy 
groups in the position tend to favour the correct alignment for
anisotropic deshielding of theo<-proton by the acetyl carbonyl group. 
Indeed, the effect is most pronounced in the case of the 
ü-nitroacetanilides where, in addition, hydrogen bonding between the 
amide hydrogen and the nitro group holds the molecule in the correct
conformation, the nitro-group acting as a conformational lock. In
£r-nitroacetanilida (STiR^NO^) the value of A S  for proton 6 (i.e.
positioned) is 1.01 p.p.m.
CH. CHr.
N
R. H
IN+
y
(57)
In the case of the acetylated anils (55) there is unlikely to be 
any opportunity for intramolecular hydrogen bonding with the amide 
hydrogen atom. It is therefore probable that the bulk of the 
nitrobenzylidene group is sufficient to cause alignment of the 
acetamido-group in the correct position for anisotropic deshielding of
~ 23
proton 3*
CH
ON
CM
■}Another noticeable feature observed in the H n.m.r. spectra of 
these anils is the downfield shift of the amide proton in compounds 
with chi or 0-= substituents at position 3 (69.62-9.75), when compared to 
those of the rest of the series (68.3-8.5). A plausible reason for 
this anomaly is the steric interaction of the chlorine atom with the 
adjacent acetamido group, resulting in the latter being pushed out of 
the plane of the ring. Indeed, further indication of such an effect 
may be found by consideration of the colour of these compounds.
Figure 8
colour: red R:=GOCH^ j R ’ ==H colour : yellow
R=C0C1-L, R'=C1 colour: pale cream/ ^ colourless
^-Araino-anils are orange red in colour; the acetylated anils are 
bright yellow (except for 3~chloro-derivatives), indicating different 
degrees of conjugation throughout the molecule (figure 8). The
3-chior O"ace ty1a ted anils are pale straw-coloured, or virtually
24 -
colourless, indicating a further diminution of conjugation, 
understandable if a planar conformation is disrupted by the chioro 
substituent.
The chemical shifts of protons 4,5 and 6 in the 3-chloro 
derivative (55 i) were estimated by computer simulation. In this 
case, and also in (55 h) and (55 j), it was not possible to establish 
whether H-4 or H-6 gave the lower field signal.
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CHAPTER 2 
.Tlie cyanide-induced cyclisation of 
2-_aca_tami do- N- ( o- ni trobenzylidene ) anilines
J“b
f .
W
m
ro ro
n
ro
cr
ro
eu
3•D
0C
3CL
0
1
O
3 :
M
O
3
r\)
(-■
a
1
p-M
ro
1n
H
1
n
P
0
0
p
1
ë ’
c ren
<4*
P -c fC
U1
**,
U len (ji
n
en
c r 01
3
D
-n
y
i
>
3
p .
p
p"
p .  H» P»
( ji- g  p . 0 >O .  0
4=. P ‘0  45, 1 3(3 3" ro  M z r3 0 U^  f\J 0 eu -<P- 3 C 3 - M - c p . p»c 3  p . y 3 0 y y roC  3 H* C zr en ro pri- C 3  y  0 CLc  c
H* yPtn (0 en S
*•
33roH* p*H* H- <  <
td
o W  Mb, a p» 'M wK) p .1 3 *= r  tn i r  0 3 0 p* roo 0 H ' 3 3c  3 c c  3 3 P- p»H  y- H y  H- C 3  3 enin tn 3 c+ C  C ta(D H" ri­c4*
m (D en en
td 3= ^  3= td  > ^  > 2n  — n — ' 33 (Dp.M p» m ro pC+ r t n  p
" td fh. hk • td H P»cn«< 3
1 ON 1 1 ro
0  w ro  ro p  C+vo l -< 1 ro <  CD *13
0 11 0 - 4  ro ro CD p  0I "4 w  1 3  P  p .
ri- P * 3
en r f
ta M  P* a h
3 s
-1) -ntJ td
3 3 2
3 T I 3
ta J , 3  >  n  “b 0) 0  M  î  tu ■D > 00 en ^0  0  P - 3 — -4 |J. — y  —^(-■<< 3  M  CL •. H-ro 10 T3 ri- -X) H E  IIta n  P" 0  H  s y  H* c  3 P- tdc  P" tn 01 3  m 0  p .  jSk H» n  CL m  3  3M  □  p - ri- ü) 1Q) £  ri- tD +  H) en td 3  Xo  X> -b  H P  p . tn CD 2  H*-b  i-( H  r r M o  W  tn H- ü) CL QJ 0 •• +C3  0  3  (<  45-0 • p -h eu HX -b  tn 3 01 P* P - (D H- TJ H* en CD >  Cp - (D 3 M P- 0  M -fn 0 y3 <  3  CL 01 M CL -H, p .  ri- z  3 - 0 (<  Û) 0) 3  00) (0 n  p - ü) CL Q) p 0  ri- X n  n c r -hZ  ri- 3  £  3  M M c p , 0  +o  m □  c 01 -fCL g CL ri- g H* < nM O f + M +  M . .  £ P" P  01 01 0 CD p  □ ro-b  P-TD P  01 ri- û) -bh W  O m ta  p - '—'  p  “b ^  n  m c+ qTp - 3  3  n 45. tn 3  3  p p . ^ 4*0X  -b ri- • 0  P - -o p - " □  3 b## c p . 3• . D p p  +  X  01 p □  0 3 yn n  -*> c 01 ri- M 0 3  -b  l\J ** 4* D-'+ '< o s  3 0 3  en3  3 -  p tu CTi P  ■—  C ■0 3  P td  0CL ,  (0 3  n H 3 4- 1 3o  M +  ri- 0  c< E3  CL c r a n p - - .  3-1 C ^  <TP CL + c CL3 ri- ri- 3  01 M P ' ^  ri-‘ 3 P '
H- ° CL —1 p .  3- ^  3- 0  M  p . P  P» 3"u) a  m o \  3  P - ^  0 H- CT\ CL C  3 4- C‘  r~ 3 ^9. 3  C4\ E t f y c+■D +  0 p , g P»
p . ^ n  3  p (<  _  + ~b 3  3 3P» Ll) 3  • Qj H* 3  en p*O + m X  CL 3  ~ en ri*3 3" ri- c M  (0 C+ !2 cr en y 0• l-> 0  c  n Q. -fW H 3 2 y>cr, £  p  ri- M« Q) D) + TJto 1 U m y>+ □ a  3  "O C m en p . y  n 3 p .
rb tn c r ?  a  CD c+ 0  H* ^  n i j p01 3" 3" ri- CL y ri*T3 c  Q)
£  P- W  3 :  y  3 —  c 01TD tr) 3 0  eu H- 0 +3
0  ï p - Q 3 ri* p en H]“h y  0
£ tn zr OJSk 4- c  30  *v. 3  ü3
3
+  —'
• +
Pro
Ûj H* 2 m en —1 '—' — f e :3 -  + P 3- 2 z r p .ro d* rop . P* + z rQ) T I 3 3 z r  3 33 y ao \  en 3
r - i g - a  3- "Hc  p . y +ro 1 en ro2 c+ cr n  "OLû 1 O kC
, 1 _Q O o n|o  lo C p n 0 d- d* o, ,  1 P* C d ) y d- y1-----# 3 3  3 Q) enO H* O 3 3 oj oH- r+ X 2  O n  o p3  y -f) <3  O •f roO t r «+ 33 y P  z r Q 3* d-H- 33  N
m (< +row H QJH* y nm
3 ro 3a  3 1 d- TI d-T J|n 3- O Oo r*—- u —je® tzk : 3 3  31 OJ n  3 ei-TI 3 p - o to 4  CDy  H* 3  pû  p 3  ro ro enD n z r z rp  c n o ' on  ro p . p i z r E + £d- w 3  01 01 ro(n T3en d*
3 ro rom yin "OkC ro
(Q rop* d*
4^ Oro ro ro ro ro 3
*D
Op' p 7T C3
CL
p U)ro □Q 00 o C
1 1 1 crn w tdp p ya
1 d'p n Cu p ro1 to
n
p
di
y
o3 3Ozr p >3P*
P
-<
P»
roo
ro ro p- CL
cp -c^ 4^ 3 ^
M - en P L-^ro O
en
p py 3 3P* P* zr zr3 o o y  nC c c o d*d- y y
en 3 3
d*
3
ro
ro rocrv roro n! 1 y  TJro cnc< Q
ON □ tn p. 24^ p  d- 3 ro
C3 td3 3
d l d i p.
CO
D 3> O > o > a  bdd)T) djT) d,TJ p» y"D TI p  p.3 y 3 y 3 y c  nro o d* 7Ten X en X en X P»en p, O y
3 3 3 3 ro3 ro 3 ro 3 rod*
+ ro 4 ro 4 ro
p p051< p<< Pk: y  pON ro (Z
ro d-
n p» c<
d* D 1p. 3 ■Dk: k: kC D yP* P- 3 P- oro rop p a  o 1CL a. H» p n
X ro ri­o o o d* d- end) d) d) C CDy  an n n roo d>3 3 3 yTJ *DO O 3C C C3 3
a
r
26
The cvanlde-induced cyclisation of 
2 - ac e t am i d o - N- ( o- n i t r o b e n z V11 d e ne ) a ni 1 i n e s
The jQ-acetamido-anils (55) were cyclised by heating under reflux 
with two mole equivalents of potassium cyanide in methanol (Table 4). 
On cooling, any precipitate was collected, and filtrates were then (if 
necessary) diluted with water to obtain more product. The 
cyclisations were initially carried out in air, but were later on 
carried out under nitrogen using degassed methanol as solvent.
Cyclisations of jq-acetamido-anils in air gave an initial crop or
product, consisting of the quinoxalino[2,3-c.]cinnoline (42) and trace
amounts of by-products, apparent in the mass spectrum as peaks at
(M+16)^ and (M+34)* (M refers to the parent quinoxalinocinnoline). On
recrystallisation, the (M+34) component was generally removed, while
the (M+16) component was significantly diminished. Neither by-product
1was evident in the H n.m.r. spectra of the products. Dilution of 
reaction solutions after the removal of initial products yielded 
mixtures of quinoxalino[2,3-c]oinnolines and the two previously 
mentioned by-products in relatively low yields. When 
10-chloroquinoxalino[2,3-£.]cinnoline (42 b) and 2,10-dichloro- 
quinoxalino[2,3~^]cinnoline (42 d) were prepared by a cyclisation in 
air, low yields were obtained under the normal reaction conditions 
(viz. reflux for 3 hours), while a reduction in reaction time resulted 
in increased yield of (42 b). The mass spectra of (42 b) and (42 d) 
showed peaks at m/e 262, and ra/e 296 respectively, corresponding to a
Y
:CH
NHg ON
z KCN
MeOH Y
(38)
Scheme 4 Cyclisation of 
ü-jo-nitrobenzylidene-^- 
phenylenediamines (38) to 
quinoxalino[2,3-c]cinnoline s 
(42)
(59)
!L
H H
H,
N ^ ^ N HH \jl
-H«0
'"CH(5 8)
(60)
by-product resulting from loss of halogen and replacement by 
methoxyl. Indeed, the n.m.r. spectra of these compounds showed 
small peaks at<$4.15» the correct chemical shift for methoxyl proton 
resonance. ïliere was no evidence of such replacement in the case of 
formation of 9-chloroquinoxalino[2,3%&]oinnoline (44 c) from the 
appropriate anil.
O"
(59) (60)
Examination of the proposed reaction scheme for the cyclisation 
of unacetylated anils (scheme 4), shows that there are two 
intermediates (57) and (58), which on oxidation, might yield 
2-amino~3“(l>“nitrophenyl)quinoxalines (59) and quinoxalino[2,3-_Q.]" 
oinnoline-5-oxides (60) respectively. The aminoquinoxalines (59) 
would have mass (M*34) while the N-oxides would have mass (M+16), 
where M is the molecular weight of the respective quinoxalino­
cinnolines. In the mass spectra of mixtures containing these two 
by-products, they show retention of substituent (in the case of 
halogenated derivatives). In addition, mixtures of the 10-chloro- 
substituted quinoxalinocinnolines with the the previously mentioned 
raethoxy by-products, show the corresponding chloro-substituted 
aminoquinoxalines and ü-oxides, but no methoxyaminoquinoxalines or 
methoxy-H-oxides. If these compounds are oxidation products of 
intermediates formed during the reaction, it was thought that an
. 28
inert atmosphere might inliibit their formation. Consequently, 
cyclisations were subsequently carried out under nitrogen in degassed 
solvent.
When the cyclisations were repeated under nitrogen, the yield of 
(42 a) and (42 c) increased, while that of (42 b) still showed a 
dependence on the length of reaction time. If the chlorine in (42 b) 
is being replaced by methoxide, then variation of yield with reaction 
time is not surprising. Cyclisation of the two bromo-anils (55 k) and 
(55 1) proceeded without difficulty to give 10- and 
9-bromoquinoxalino[2,3~jc]cinnolines (42 k) and (42 1) respectively, in 
reasonable yield. No displacement of the bromine was detected in 
either case. Cyclisation of anils leading to 10-methoxyquinoxalino- 
[2,3-12.3cinnoline (42 f), and 2-chloroquinoxalino[2,3^c]cinnoline 
(42 g) showed a dependence on reaction time, both proceeding well in 2 
hours, but giving a mixture of products in under one hour. These 
mixtures show the presence of (M+16)'*’ in the mass spectra, possibly 
corresponding to the E-oxides of the respective quinoxalinocinnolines 
(60 f) and (60 g). Similarly, attempts to make the 8-chloro- (42 j) 
and 8,10-dichloroquinoxalinocinnolines (42 h) resulted in the 
formation of mixtures of these products and what appeared to be the 
corresponding ji-oxides. In the case of the trichloro-anii (55 i), 
cyclisation appeared to give only the product of mass (M+34), the 
corresponding aminoquinoxaline. Attempts to cyclise the methyl-anil 
(55 e) under air and nitrogen were not successful. Solid precipitate 
was formed, but t.l.c. showed the presence of more than 5 
components.
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The n.m.r. spectra of 9-chloro- and lO-chloroquinoxalino- 
[2,3-oJoinnollne (42 b) and (42 c) are shown in figure 9. In (42 b), 
it appears that of the protons in the quinoxaline portion of the 
structure, H-8 is most deshielded, followed by with PI»9 being
the least deshielded. In (42 c), it appeares that the general order 
is the same, in this case H~10 (in place of H-9 in (42 b)) being the 
least deshielded. Tiie clarity of the splitting patterns observed for 
these protons in both (42 b) and (42 c), make it easy to distinguish 
between the two isomers. The n.m.r. spectra or the quinoxalino- 
[2,3~ii3cinnolines (42) are discussed in more detail in chapter 6.
Comparison of the n.m.r. spectrum of the mono-chloro-
quinoxalinocinnoline produced from the cyclisation of 4’-(or 5'-)-
chloro-Ji-ii-nitrobenzylidene-^-phenylenediamine mentioned earlier, with 
those of 9~ and 10-chloroquinoxalino[2,3-ü]cinnoline produced from the 
corresponding acetamido-anils (55 b) and (55 c), revealed that the
isomer produced from the unacetylated anil was the 9-chloro- 
quinoxalinocinnoline (42 c). Similarly, the 2,10-dichloroquinoxalinO“ 
cinnoline (42 d) was found to have a distinctly different H n.ra.r. 
spectrum to that of the '2,9-(or 2,10-)'dichloroquinoxalinocinnoline 
produced from the corresponding unacetylated dichloro-anil. Therefore 
it was assumed that the latter quinoxallno[2,3™ll]cinnoline was the 
2,9-dichlorO“derivative.
Both of these results are consistent with the suggestion that in 
the formation of the unacetylated anils from 4-chloro-^-phenylene- 
diamine and the respective _Q-nitrobenzaldç;hydes, condensation occurred 
at the amino-group para to the chloro-substituent.
Table 5, X=H 
Compound CH H-6’ H-5 ' H-4» H-3'
B 8.94(8) 7.04(d) 6.69(ddf - 6.74(d)
A B.92(s) 7.09(d) 7.05(dd) 6.69(d)’*'
H-4 H-5 H-3 H-6
B (7.55 - 7.71(a)) 7.99(a) 8.23(a)
A (7.55 - 7.71(a)) 7.98(m) 8.21(m)
*^ 3'4 ’ ’ *^6 *5 ’ *^5'3**^6 *4*« signais overlap exactly
Table 6 , X=C1
Compound CH H-6 • H-5' H-4» H-3»
B 8.96(B) 7.05(d) 6.69(dd)f - 6.75(d)
A 8.95(s ) 7.10(d) 7.06(dd) 6.69(d)*
H-4 H-5 H-3 H-6
B 7.52(dd) 8.00(d) 8.22(d)
A 7.54(dd) 8.01(d) 8.22(d)
Cl XV NH,
Figure 10
CHO
NO.
N=CH
NHg ON
N=CH
NH, O^ N
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In order to investigate whether the condensation of 4~chloro-ja-
phenylenediamine with ip.-nitrobenzaldehyde gives a mixture of the two
possible condensation products, the condensation was repeated, and the
resultant product investigated, without recrystallisation, by 360 MHz 
1 1H n.m.r. spectroscopy. % e  360 MHz H n.m. r. spectrum shows a 
mixture of two products (table 5; figure 10, X=H), in the ratio of
about 4:1. The major product is presumed to be isomer (B) in which 
condensation has occured para to the chlorine. Similarly, the 100 MHz
H n.m.r, spectrum of the products formed when 4-chloro- 
û-phenylenediamine is condensed with 5-chloro-2-nitrobenzaldehyde 
(table 6; figure 10, X=C1), revealed that a mixture is also obtained
in the same approximate ratio, and again isomer (B; X=C1) is assumed
to be the major product. Tlie condensation of 4-bromo- 
jfi-phenylenediamine with ü-nitrobenzaldehyde was carried out to give a 
mixture of anils in the ratio of approximately 5:1, (again presumably 
in favour of para condensation): this was deduced from the integration 
of the benzylidene protons in the ^H n.m.r. spectrum. The rest of 
the spectrum could not be fully assigned due to the presence of 
contaminants.
Literature evidence concerning condensation reactions of
4-substituted jo~phenylenediamines is confusing. A number or sources 
suggest that condensation occurs para- to electron donors and meta- to 
electron acceptors when carried out in approximately neutral 
conditions, and that the reverse is the case in acid conditions.. j7,38
Theoretical studies indicate that the amino-group para- to electron
39donors is the more basic. It appears that some of the structural
31
assignments in the literature may have been made on insufficient 
evidence, and that the reaction conditions vary over a wide range 
(neutral conditions, acid catalysis or strongly acid conditions). It 
is therefore not really possible to come to any clear conclusion from 
the literature concerning the behaviour of 4-substituted 
jû-phenylenediaraines. On the basis of the present results, however, 
the condensation of 4-chior o-^- phe ny1ene di am i ne with ii-nitro- 
benzaldehydes appears to conform with the suggestion that condensation 
occurs predominantly para- to the (weakly) electron donating 
substituent in neutral conditions.
The mechanism of the cyclisation of the acetamido-anils is 
probably similar to that proposed for the unacetylated anils (scheme 
4). It IS an obvious requirement that the acetyl group is lost during 
the cyclisation, the nucleophilicity of the amide nitrogen being too 
low for its direct involvement in the cyclisation process. Loss may 
occur before addition of the cyanide ion to the double bond, or once 
the adduct has formed.
The deacetylation of acetanilide derivatives by methoxide is 
known.However, reaction times of up to 10 hours are required, and 
2-acetamidO“li-(.Q.-nitrobenzylidene)aniline (55 a) when treated with 
methoxide in refluxing methanol, showed no appreciable degree of 
deacetylation (a colour change from yellow to red) after 4 hours. 
When the same anil was treated with cyanide in methanol under similar 
conditions, a red colour developed almost immediately, implying that 
it may be the adduct and not the anil which undergoes deacetylation. 
The nature of the deacetylating species is not known with certainty,
- 32
possibilities are methoxide (acting on the adduct), or intramolecular 
deacetylation by the adduct itself. No attempt has been made to 
identify deacetylation products.
33
CHAPTER 3
_An investigation of the, intermediates formed during the cyanide 
jjid_uc_ed_.cyclisation of 2-acetamido-N-(o-nitrobenzvlioejie)^
âSlLLnas
34
■An._lnV-e,st.1.gatlon. of the intermediates formed during the ovanide
2--,ace_tamido-N- ( o-nitrobenzylidene )- 
anilines
It will be recalled from the previous chapter, that the 
by-products formed during the cyclisation of the o-acetamido anils
(55) were considered to be 2-amino-3~(l)*-nitrophenyl)quinoxalines (59) 
and quinoxalino(2,3-^)cinnoline-5-oxides (60) on the basis of mass
spectral evidence. The amount of these compounds formed during 
cyclisation was generally low, and chromatographic separation
processes were not successful, though small amounts of what was 
thought to be 2-aminO“6-chloro-3“(5-chloro-2-nitrophenyl)quinoxaline 
(59 d) were isolated from the cyclisation of the 5,5’-dichloro- 
Sr acetamido-anil.
In order to establish the identity of this intermediate, an
attempt was made to synthesise it directly. It has been reported
that treatment of Ji-jq-nitrobenzylidene-ja-phenylenediamine (38) with
potassium cyanide in dimethyIformaraide results in the formation or
312-amino-3*~(p.“*nitrophenyl)quinoxaline (59 a) in reasonable yield.' The 
acetylated derivative of the same anil (55 a) when treated with
potassium cyanide in dimethylformamide, yielded a product identical
with (59 a). Similarly, the 5,5'“dichloro-2-acetamido-anil (55 d) 
when treated with cyanide in dimethylformamide, yielded a compound 
found to be identical with the by-product isolated from the 
cyclisation of the same anil by cyanide in methanol.
Substituents H-3' H-(5 to 8); H-(4' to 6») NHg
none"* 8.45(m) (8.15 - 7.45(m)) 6.65(bs)
tnone (8.19-8.23(m)) (7.61 - 7.93(m)) 4.7(bs)
5',7-Cl* 8.38(d) (8.02 - 7.65(a)) 6.82(bs)
5',5,7-Cl* 8.47(d) (8.10 - 7.92(a)) 7.17(bs)
* in Dg-DMSO in CDClg Jg ,%,= 9.4Hz 1
G'
NO,
(59)
Table 7 ^H n.m.r. spectra of 2-amlno-3~(2’-nitrophenyl)—
quinoxalines (59)
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The product obtained on cyclisation of the 3,5,5'-trichloro-2-
1acetamido-anil (55 i) was found to have H n.m.r, and mass spectra 
consistent with an analogous structure (59 i)•
The infra-red spectra of these compounds show the presence of a 
nitro-group and an amino-group (NH^) 3465, 3335 and 3105 cm" ;
(NOg) 1520 and 1345 cm”**], while the primary process observed in the 
mass spectra is loss of 46 (NO^) from the molecular icn.^^
The **H n.m.r. spectra of these compounds are not completely first
order, and are difficult to resolve (Table 7). However, there are a
few features of particular note. The resonance between ^ 6.65 and
67.17 observed in all spectra in D^-DMSO is a broad two-proton singlet
(NH^). The amino-group in compound (59 a) resonates at 64,47 in
CDClg, and there is a general upfield shift in all protons, compared
31to the spectrum of the same compound run in D^-DMSO.
The second noticeable feature is that one proton in the aromatic 
region is considerably deshielded relative to the rest of the phenyl 
protons. Hie proton in question is likely to be that at position 3 in 
the jsrnitrophenyl substituent (S' in structure (59)), which can 
experience deshielding by the adjacent nitro g r o u p . T h e  chemical 
shifts of the remaining protons are too similar to give a resolvable 
spectrum.
Protons in the carbocyclic ring of substituted quinoxalines 
generally come to resonance in the region of 67.8-8.3, * ' ^
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provided that the substituents do not cause any appreciable 
orth0-»effects. Protons 6 and 8 in 5jT^dichloroquinoxaline resonate at 
57.85 and <58.03 respectively, shifts which correspond closely with 
those of the protons in 2-aininO”6 ,S-dichloro~3-( 5'“Chloro- 
2 '-nitrophenyl)quinoxaline (59 i).
The evidence suggests that these by-products are in fact the
supposed aminoquinoxalines. Further indication that this is so would
be given, if they could be cyclised to the corresponding
quinoxaline[2,3“£.]cinnoline“5“Oxides. Previous attempts to cyclise
(59 a) with sodium methoxide, potassium cyanide and a mixture of
31sodium cji'anide and methoxide failed. Therefore attempts were made to 
carry out the cyclisation using other bases, namely sodium hydroxide 
and benzyltrimethylammonium hydroxide. Solutions of the latter base 
in methanol have been used to cyclise a number of biphenyl derivatives 
(62),^^’^ ^ especially when there are electron withdrawing substituents 
in the aminophenyl nucleus (eg. nitro) that will weaken the 
nucleophilicity of the amino-group. When the above mentioned bases 
were used, in both cases treatment of (59 a) with base was followed by 
substantial recovery of starting material. However, when 
benzyltrimethylammonium hydroxide was used, the mass spectrum of the 
product obtained indicated the presence of quinoxalino[2,3%a]cinnoline 
in very low yield.
i\==y \ ---/ MeOH/7hr :
R R
(6 2 )
BXH.
CNX )NH ON 2 2
(38)
similarly
(55)
KCN
DMF
N =  CH
NH ON
NH— CH
NH ON
ON
W C^N
ON
NH, N“1
ON
(5 9 ) Scheme ^ Cyclisation of anils by 
potassium cyanide in DMF
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In conclusion, although it was not possible to convert (59 a) to 
the quinoxalino[2,3“jc]cinnolone“>5“Oxide to any measurable extent, the 
presence of trace amounts of quinoxalino[2,3-il]cinnoline (presumably 
by base induced deoxygenation of the H-oxide or as a fragmentation 
product of the E-oxide in the mass spectrum) indicates that 
cyclisation is possible. When considered together with the 
spectroscopic data, and the fact that compounds (59) have been 
isolated from the cyclisation of _q-acetamido-anils, then in can be 
considered that the by-products observed are, very probably, the 
aminoquinoxalines (59) as suspected.
Formation of the aminoquinoxaline from the acetsmido-anils in
dimethylformamide presumably follows a route akin to that proposed for
31cyclisation of the unacetylated anils in dimethylformamide (scheme 
5). There is still a requirement for deacetylation of the anil during 
the cyclisation process, again probably after formation of the 
adduct.
The other type of by-product obtained from the cyanide-induced 
cyclisation of acetamido-anils was thought to be the 5-oxide (60) of 
the appropriate quinoxaline[2,3-^ijcinnolines (42). Ihis type of 
by-product was first encountered to an appreciable extent in the 
synthesis of 10“methoxyquinoxalino[2,3“^ ]cinnoline (42 f) from the 
methoxy-anil (55 f), and it was found possible to eliminate the 
by-product by increasing the reaction time. An attempt was made to 
convert the unwanted by-product in the initial mixture, into the
MeO
lO-l'îeO-quinoxalinociimoline 
(pure)1
10-MeÛ-quinoxalinocinnoline 
+ N-oxide 2 I baforo reaction 
with POL
after
reaction 
with PCLW
9“Cl-10-Me0-quinoxalinocinnoline 3
8.5 7.5 4.5
80 MHz i^i n.m.r. spectra of 10-Me0~quinoxalinocinnoline 
Its ^-oxide, and 9-01-lO-MeO-quinoxalinocinnoline,
along vdth mixtures of all three.
Figure 31
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parent quinoxalinocinno.line by deoxygenation using phosphorus 
trichloride in chloroform.
The two components in the mixture, prior to treatment with
1phosphorus trichloride, were identified by their H n.m.r. spectra
(figure 11(B)), in particular by the signals due to the methoxy group
protons at about (5^4 .25. On completion of the reaction one might have
expected to see substantial reduction in the height of one of the
methoxy signals, with a corresponding increase in the height of the
1other, as N.-oxide was converted into the parent compound. The H
n.m.r. spectrum of 10-methoxyquinoxalinoC2,3-ü]cinnoline (figure
11(A)) is present for comparison. Once the reaction had been carried
1out, however, the H n.m.r. spectrum revealed three methoxy- signals
(figure* 11(C)). Comparison with figures 11(A) and (B) indicated that
the signal due to the N-oxide component in the initial mixture had
remained unchanged, while that due to the quinoxalinocinnoline itself
had diminished, with appearance of a third signal. The concurrent
appearance in the spectrum of two other signals (singlets) at(f8.57
and 5 7.67» suggested that this new compound might be a
9,10-disubstituted quinoxalinocinnoline, and that these substituents
were considerably different in character. The mass spectrum of the
new product mixture indicated that the new component resulted from
replacement of a hydrogen in 10“raethoxyquinoxalino[2,3“i?Jcinnoline by
chlorine, and that the new compound was probably the known
319-chloro-10-methoxyqinoxalino[2,3~i2.]cinnoline (figure 11(D)).
Halogénation reactions of this type form the subject of the next 
chapter. In the course of this work, a method for isolation of the
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N-oxide (60 f) was, fortuitously, discovered: this is described on
page 48.
4ü
CHAPTER 4
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hydrogen halides
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In the previous chapter a reaction was described where phosphorus 
trichloride was used on a mixture of 10-methoxyquin- 
oxalino[2,3“^ ]cinnoline (42 f) and its 5-oxide (60 f), in an attempt 
to deoxygenate the latter. The N.-oxide was unaffected, but the parent 
base was transformed into another derivative by interchange of a 
chlorine atom for one of the hydrogens.
The reaction was repeated, using a pure sample of 10-methoxy- 
quinoxalino[2,3~ii]oinnoline. On isolation of the final product, it 
was found that 9"Chloro-10-methoxyquinoxalinoE2,3-.cJcinnoline (42 m) 
had been formed in 79% yield.
When quinoxalino[2,3”il]cinnoline (42 a) itself was similarly 
treated with phosphorus trichloride, the final product was found to 
have a chlorine substituent at position 10. It was identical in all 
respects with authentic 10-chloroquinoxalinoE2,3-G.]cinnoline (42 b), 
formed from the Schiff base (55 b). The yield of the 10- 
chloroquinoxalinocinnoline formed by this direct halogénation 
procedure was 92^.
Treatment of 9-chloroquinoxalino[2,3-(l]cinnoline (42 c) with 
phosphorus trichloride in an analogous manner, resulted in the 
formation of a product where one of the hydrogens was replaced by a 
second chlorine. The n.ra.r. spectrum of the product showed the
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presence of two sharp oara-split doublets at <^8,8 and J 8.67,
indicating that the product was the 9,10-dichloroquinoxalinocinnoline
(42 n; yield, 83%). The structure was confirmed by comparison with
the n.m.r. spectrum of a sample of 9,10-dichloro-
quinoxalino[2,3-^]cinnoline produced from the appropriate
313,4-dibromocinnoline and phenylenediamine.
However, when 10-chloroquinoxalino[2,3-il]cinnoline (42 b) was 
treated with phosphorus trichloride, the final product isolated was 
found to he the starting compound (92% recovery).
Quinoxalino[2,3~g ]cinnoline 
Reactant Product (yield%)
unsubstituted 10-Cl 92
lO-MeO 9-Cl-lO-MeO 79
9-Cl 9,10-Clg 83
10-Cl 10-01 93
Table 8 Reaction of quinoxalino[2  ^3-Ç.] cinnolines 
with phosphorus trichloride
These results (shown in Table 8) were somewhat surprising. In 
three out of four cases chlorination of a heterocyclic compound had 
occurred in high yield. In addition, the chlorination process
appeared to occur at only one position: position 10 in two cases, and
position 9 in the other. When position 10 was blocked, chlorination
occurred at position 9 in the case of 10-methoxyquin-
oxalino[2,3-il]cinnoline, while apparently failing altogether in the
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case of 10-chloroquinoxalino[2,3~iî]cimioline.
The reactions were carried out by dissolving the quinoxalino- 
C2,3-ü]cinnolines in chloroform (to give an orange solution), adding 
phosphorus trichloride in chloroform, and heating under reflux for one 
hour, A dark precipitate formed, and on completion of heating and 
subsequent cooling, a mixture of aqueous sodium hydroxide and 
chloroform was added. The coloured precipitate dissolved, 
regenerating the orange colour in the solution. The products were 
isolated simply by evaporation of the chloroform layer.
Since it was obvious that the nature of the coloured 
intermediates formed during these reactions was of crucial importance 
to their final outcome, samples of the compounds were obtained by 
filtration for further investigation. Indeed, although the reaction 
of the 10-chloroquinoxalinocinnoline with phosphorus trichloride did 
not result in the formation of a dichloro-compound, as might have been 
expected from the other experiments, a coloured intermediate was 
formed during the reaction, and it was considered likely that an 
investigation of this intermediate might throw some light on the 
subsequent failure of chlorination.
It was found in all four cases, that the 'dark precipitates’ were 
in fact dark blue solids, consisting of tiny lustrous needles. Mass 
spectra of the blue solids were obtained, and in each case, showed a 
molecular ion equivalent to the parent base plus one molecule of 
hydrogen chloride. No obvious traces of phosphorus-containing 
fragments were observed in the mass spectra.
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In order to prove the involvement of phosphorus trichloride in 
the reaction, quinoxalino[2,S-.Q.]cinnoline was treated with redistilled 
and dried phosphorus trichloride in redistilled and dried chloroform 
as previously described. It was found that wnen the solution was 
heated under reflux, no precipitate of any nature was formed. 
However, on addition of approximately an equal volume of water to the 
reaction mixture, a deep-blue precipitate appeared. Similarly, when 
the experiment was repeated at room temperature, no solid formed until 
the addition of water. Tliis suggested that the reactive species might 
not be phosphorus trichloride, but some hydrolysis product, possibly 
hydrogen chloride.
In order to test this hypothesis, a small amount of quinoxalino- 
C2,3-£.]cinnoline was dissolved in chloroform, and a jet of gaseous 
hydrogen chloride was played across the surface of the liquid. A 
deep-blue precipitate was observed to form immediately at the surface, 
and spread throughout the solution. The blue solid was found to have 
a mass spectrum identical to that produced from the reaction of 
qui noxal i no [ 2,3 -jo ] c i nnol i ne with phosphorus trichloride. These 
observations were taken to be clear indications that the reactive 
species was in fact hydrogen chloride.
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2. Th.e. ■r_ea.otlo.ns of. .q\tl noxal inQ [2.3-0 Ici nnol i ne s with gaseous 
jiydJ2oge.n_ ohloride_and_. hydrogen bromide
To investigate further the reaction of quinoxalino[2,3^&]-
cinnoline and its derivatives with hydrogen halides, a series of
experiments were carried out on a number of substituted
quinoxalinocinnolines. Gaseous hydrogen chloride or hydrogen bromide
was passed through a solution of the quinoxalinocinnoline in
chloroform. The orange colour of the solutions (typically about
390nm) rapidly changed colour to deep red, then darkened further as
blue precipitates (in some cases purple/red), were formed. On
isolation, the blue solids were weighed, and portions retained for
spectral' examination. The remainder were treated with a mixture of
aqueous sodium hydroxide and chloroform, the orange colour being
regenerated in the organic layer. Separation and evaporation of the
organic layer resulted in isolation of the products, which were 
1subjected to H n.m.r. and mass spectral analysis. The results of 
the reactions are seen in Table 9. Overall yields are based on the 
conversion of reactant quinoxalinocinnoline to product quinoxalino­
cinnoline. Where product mixtures were obtained, the distribution of
1products is based on H n.m.r. integrals. Where possible, the
identities of the products were established by comparison with
1authentic samples, or by analysis, otherwise by their H n.m.r. and 
mass spectra.
Treatment of quinoxalino[2,3-fl]cinnoline (42 a) with hydrogen 
chloride as described, yielded a final product in which one hydrogen
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atom had been replaced by a chlorine atom. It was identified as the
110-chloroquinoxalinocinnoline (42b) by comparison of the H n.m.r. 
spectrum with that of an authentic sample produced from the 
5-ohloro-anil (55 b).
Similarly, treatment of the 9-chloro- and 2-chloroquinoxalino- 
cinnolines (42 c) and (42 g), resulted in the formation of dichloro 
compounds by replacement of one hydrogen for a chlorine atom. These 
compounds were identified as 9,10-dichloro- and 2,10-dichloro- 
quinoxalinocinnolines (42 n) and (42 d), by spectral comparison with 
authentic samples.
Treatment of 9-bromoquinoxalinocinnoline (42 1) with hydrogen
chloride resulted in formation of a mono-bromo-mono-chloro derivative,
1identified by H n.m.r. spectroscopy to be the 9-brorao-10-chloro- 
derivative (42 p).
When quinoxalinoC2,3-n]cinnoline was treated with gaseous 
hydrogen bromide, a mono-bromo- derivative was produced. This was 
found to be the 10-bromo-quinoxalinocinnoline (42 k). The reaction of 
the 9-chloroquinoxalinocinnoline (42 c) with hydrogen bromide resulted 
in formation of a mixture of products, consisting of the 
10“bromO“9-“Chloro- derivative (42 o) and 9~chloroquinoxalinocinnoline 
(42 c) in the approximate ratio of 2:1,
In all the above cases, position 10 in the reactant quinoxalino- 
cinnolines was unsubstituted. When the reactions were carried out on 
compounds already substituted at position 10, the results obtained
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were different, depending on the nature of the 10-substituent. Thus, 
10“Ohloroquinoxalinocinnoline (42 b) when treated with hydrogen
chloride was not chlorinated at any position (although a blue
intermediate was formed), and the starting material was recovered. 
Similarly, treatment of the same compound with hydrogen bromide
resulted in very substantial recovery of the starting compound (42 b), 
though a small amount of a mono-bromo-mono-chloro- derivative was 
obtained, identified as the O-bromo-IO-chloro- derivative (42 p) by 
the n.m.r. spectrum of the final product.
However, when 10-methoxyquinoxalino[2,3“il]cinnoline was treated 
with hydrogen chloride, it was found that chlorination took place at 
position 9, giving the 9-chloro-IO-methoxy- derivative (42 m). The 
10-bromd- derivative (42 k) on treatment with hydrogen chloride 
yielded a mixture, consisting of the 10-bromo-9~chloro- compound
(42 o) and recovered 10-brorao- compound (42 k) in the ratio of 2:1 (a 
trace of a dichloro- derivative, presumably the 9,10-dichloro- 
quinoxalinocinnoline was also seen).
Therefore, some 10-substituted quinoxalinocinnolines fail to be 
halogenated, others are halogenated at position 9> and in some cases 
both processes appear to occur concurrently.
In addition to the above mentioned reactions, four further 
experiments were carried out, where a mixture of the 
quinoxalinocinnoline (42) and its 5-oxide (60) in chloroform were 
treated with hydrogen chloride as described. It was found in each 
case that the 5-oxide components were unaffected, and on completion of
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the reaction, could be isolated by filtration of the coloured solids 
(formed from the quinoxalinocinnoline componenets), and subsequent 
evaporation of the filtrates. In this manner, samples of the 5-oxides 
of some of quinoxalinocinnolines were obtained for further 
investigation. The quinoxalinocinnoline portions of the mixtures 
reacted with hydrogen chloride. Thus, from 8-chloro- 
quinoxalino[2,3-il]cinnoline (42 j) and its 5-oxide, both the 8,10- 
dichloro- derivative (42 h) and the 8-chlcroquinoxalino- 
cinnoline-5-oxide (60j) were obtained. The yield-- quoted in table 9 
for the 8,10-dichloro- compound is based on the amount of the 
8-chloro- compound in the initial mixture. Similarly, reaction of the 
mixture of 10~methoxyquinoxalino[2,3“i2.]cinnoline (42 f) and its 
5-oxide (60 f) permitted isolation of the latter ü-oxide, which was 
investigated by ^H n.m.r. spectroscopy (see p. 89 ). A mixture of 
2-chloroquinoxalino[2,3-&]oinnoline (42 g) and its 5-oxide (60 g) 
yielded on treatment with hydrogen chloride, 2,10- 
dichloroquinoxalinocinnoline (42 d) and the 2-chloroquinoxalino- 
cinnoline-5-oxide (60 g). Finally, a mixture of the 8,10-dichloro- 
quinoxalinocinnoline (42 h) and its ü-oxide yielded
8.10-dichloroquinoxalinocinnoline (42 h) on treatment with hydrogen 
chloride.
In all the cases mentioned above, a coloured intermediate was 
formed. In all reactions except those of the 8-chloro- and
8.10-dichloro- compounds, the intermediates were dark blue, wnile in 
the latter cases they were purple/red in colour. Gravimetric studies 
of the blue compounds indicated that their formula can be considered 
as shown below, where n is between one and four.
- 1)9 -
W
{n-1)HHal
Hal=Cl,Br
G H N
requires 62.6 3.4 20.85
^^14^10^^ 4 requires 55.1 3.3 18.3
1^4^ 1^1^ ^^ ''4 requires 49.2 3.2 16.4
found 50.3 3.3 16.8
Table 10 Approximate analysis for
quinoxalino [ 2,3~Ç.] cinnoline+nHCl
The value of n may depend on the length of reaction time (and hence
the amount of exposure of the reactants to hydrogen halide). The
values of n given in table 9 for the intermediates, are calculated on
the basis that the yield of blue compound obtained was considered to 
be 100%. Thus in the case of the reaction of quin- 
oxalino[2,3-£.]oinnoline (42 a) with hydrogen chloride, n=3*3, 
indicating that the blue intermediate is probably a mixture o.r 
compounds with differing values of n. Tliis is further borne out by an 
approximate analysis carried out on the intermediate from this 
reaction. The results (shorn in table 10, above) indicate that
the intermediate is a mixture of components with different values of 
n.
The mass spectra of the blue solids in most cases show the
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presence of only one hydrogen halide molecule, which is retained in
some of the fragmentation processes observed (see section on mass
spectra, chapter 7)• The implication of this is that one of the 
hydrogen halide molecules is covalently bound in the blue
intermediates, the remainder probably being ionically associated; thus 
the blue compounds are regarded as salts.
The melting points quoted in table 9 for the adducts are the
temperatures at which the bulk of the solid appeared to melt, in most 
cases small amounts solid or semi-solid material being left at 
temperatures above 360^C. This may be a consequence of the presence 
of more than one compound in the adducts, therefore the melting points 
are probably not of great diagnostic value, since they may not be 
repeatable to within a few degrees.
The adducts are only slightly soluble, or totally insoluble in a 
wide'v range of solvents. They were found to be most soluble in 
dimethyIformamide, diraethylsulphoxide, alcohols and acetone. They are 
insoluble in hydrocarbon solvents, halogenoalkanes, ethers, higher 
ketones and acetonitrile. Attempts to make up n.m.r. solutions 
(eg. in D^-DMSO, TFA etc.) of sufficient concentration to show 
n.m.r. spectra were unsuccessful; even after two thousand scans on a 
Fourier transform instrument no recognisable spectra were obtained.
Even using the solvents in which the adducts did, to some extent 
dissolve, it was not possible to recrystallise them, except in one 
case where a sample of recrystallised material was obtained after 
evaporation of a dilute ethanol solution over a period of weeks. This
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sample was used to obtain the analytical data presented above in table 
10.
Solutions of sufficient concentration for an essentially
qualitative ultraviolet/visible study were obtained by using ethanol 
or aqueous acetone. The results of these studies are shown on pages 
65-6,8 as part of the discussion of the reaction mechanism of 
halogénation. Relatively weak absorptions are observed in the range 
545-6lOnm, undoubtedly giving the compounds their blue colouration.
Group 1 : position 10 vacant
Reactants Products
unsubstituted 10-01; (10-Br)
9-Cl 9,10-Olg; (9-Cl-10-Br)
9-Br 9—Br—10—Cl
2-01 2 ,10-012
8-01 8,10-012
group 2 : position 10 blocked
10-01 10-01; (10-01, 9-Br-10-01 (trace))
8,10-01^ 8,10-012
10-Br 10-Br, IO-Br-9-01, dichloro (trace)
10-OCHg g-Cl-lO-OOHg
compounds in parentheses are the products of the reactions 
with hydrogen bromide
Table 11 Classification of the reactions of quinoxalino- 
[2,3-o]cinnolines (42) with gaseous hydrogen
halides
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Since it has proved difficult to obtain structural information 
concerning the adducts, then the reaction mechanism and structure of 
the adducts must be inferred by consideration of the nature of the 
reaction, distribution of products, and by use of theoretical 
methods.
The reaction of quinoxalino[2,3“J2.]cinrioline (42 a) and its 
derivatives with gaseous hydrogen halides can be separated into two 
groups (Table 11), those where position 10 in the reactants is 
unoccupied by substituents, and those where position 10 is blocked.
Any mechanism must account for these facts:-
(i) Where position 10 is unsubstituted, the incoming halogen atom 
replaces the hydrogen atom at position 10. If position 10 is blocked, 
the reactant is either recovered unchanged; substituted at position 9; 
or a mixture of products is obtained.
(ii) The mass spectra of the adducts show the presence of one 
hydrogen halide molecule covalently bound in each case. In addition, 
the mass spectrum of 10-broLioquinoxalinocinnoline. n( HCl) shows the 
presence of an adduct where there are two covalently bound hydrogen 
chloride molecules, and the mass spectrum of 10-chioro- 
quinoxalinocinnoline.n(HBr) shows a fragment that may be a breakdown 
product of an adduct with two covalently bound hydrogen bromide
w
(63)
(65)
H
(66)
H
Figure 12
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molecules.
Tiie adducts were obtained by the reaction of gaseous hydrogen 
halide with the heterocyclic bases in chloroform, the position of 
halogen substitution in the final product being known. Therefore it 
is reasonable to assume that the initial event will be protonation of 
one of the ring nitrogens. This would create a charged species wnich 
would be susceptible to nuoleophilic attack by chloride ion at the 
appropriate site. A covalent species would result, which could then 
be protonated again, providing the ionic adduct. During the 
basification of the adducts to obtain the final products, excess 
hydrogen halide would be neutralised, leaving a covalent species that 
could either lose a further hydrogen halide molecule, or undergo 
aerial 'oxidation, resulting in product formation. Consideration of 
the effect of protonation at each of the four ring nitrogens results 
in the conclusions illustrated in figure 12. Protonation at positions 
12 and 5 permits attack of halide at position 10, while protonation at 
positions 7 and 6 permits attack at position 9* Protonation might 
reasonably be expected at the most basic nitrogen atom.
47Mî^ DO studies on quinoxalino[2,3-&]cinnoline (42 a) and a few of
its derivatives,^^ have been carried out by Dr. C. Glidewell at the
Deparinent of Chemistry, St. Andrews University. Such calculations
are approximations, applying to isolated molecules in the gas pliasc.
However, they should also be valid if considered as occurring in very
dilute solutions of the subject molecules in non-polar solvents.
These calculations can give information about the structure and
1reactivity of these heterocycles, adding to that obtained from H
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n.m.r. and mass spectral data. The optimised geometry of the 
molecule confirms that in the absence of substituents, the structure 
is planar. The calculated partial charges (figure 13) on the nitrogen 
atoms suggest that N-12 is the site of highest electron density 
(presumably the most basic), and initial protonation there would allow 
attack by halide ion at position 10. Calculation also indicates, 
however, that protonation at position 7 gives the cationic species 
with the lowest heat of formation. Therefore, if attack by halide ion 
at position 10 is fast, an adduct with halogen at position 10 results, 
while inhibition of attack at position 10 would in principle allow a 
proton shift from N-12 to N-7 to form the thermodynamically more 
stable cation, allowing subsequent attack of halide at position 9» 
giving an adduct with halogen at position 9-
üiermodynairii cally 
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Calculations have also been carried out on a nuraber of
substituted quinoxalino[2,3~fl]cinnolines, namely the 9-chioro-,
10-chloro-, and 10-methoxy- derivatives.^^ These indicate that the
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orders of the partial negative charges on the four ring nitrogens are 
the same as those of the parent compound. These are shown together in 
figure 13. In each case, N-12 carries the largest partial negative 
charge, followed by N-7» while the charges on N-5 and N-6 are very 
small in comparison. Similarly, it is indicated by calculation that 
the orders of the heats of formation for the four cationic species 
(corresponding to protonation at each of the ring nitrogens) also 
occur in the same order as those of the parent compound. These are 
shown together in figure 14. In each case, protonation at N-7 gives a 
marginally more thermodynamically stable cation when compared with 
protonation at N-12. Protonation at N-5 and N-6 give species that are 
considerably more thermodynamically unstable, therefore, protonation 
at the latter two sites is considered to be highly unlikely.
These calculations therefore indicate that the position of 
initial protonation appears to be independent of the position and type 
of substituents in the above mentioned compounds, when considered 
solely from a thermodynamic viewpoint. As will become apparent, 
thermodynamic considerations alone appear to be insufficient to 
explain the distribution of products in the reactions that have been 
carried out.
Depending on the site of initial protonation, the second step in 
the mechanism is considered to be attack by halide at either C-10, or 
C-9, to give the adducts (64) and (66). Calculations have been 
carried out on the corresponding adducts of the parent compound (64 a) 
and (66 a). Figure 15 represents the calculated bond orders of both 
of these adducts, along with the calculated bond orders of the parent
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compound (42 a). Examination of the bond orders in
quinoxalino[2,3“i2.]cinnoline (42 a), indicates that the structure
should be represented by (67). In particular the bonds 4a~5, 6-6a and
12a-12b are all of the order <1.04, whereas examination of the bond
orders of the hydrogen chloride adduct (64 a), indicates that this
should be represented by structure (68). In (67) and (68) the bond
orders of the isolated 10TT fragments are very similar to those
calculated for isolated molecules of quinoxaline and cinnoline
respectively (figure 16). Despite the disruption of the 10^ system in
(67) upon addition of hydrogen chloride, a cyclic lorrsystem is still
present in the adduct (68). In comparison, when calculations are done
on the formation of a similar adduct between quinoxaline and hydrogen
chloride, it is found that the 10ÎT system is totally disrupted (figure
17). The calculated heat of reaction for the addition of hydrogen
chloride to quinoxalino[2,3-ii]cinnoline is 24.6 KJ mol“  ^ (calculated
from A**H ,, .- ( A  , - . . . . +AH^. , , . . , ), whileadduct quinoxalinocinnoline hydrogen chlorine
that for addition of hydrogen chloride to quinoxaline is 43.8 KJ
- 1mol . The proton affinities for protonation at N-12 in 
quinoxalinocinnoline and for protonation of quinoxaline are virtually 
identical, being 835.8 KJ mol””* and 838 KJ mol”  ^ respectively. 
Therefore, the driving force behind the formation of the adduct in the 
case of quinoxalinocinnoline and hydrogen chloride is the addition of 
chloride ion to the protonated species (64 a), which does not result 
in disruption of the lOH' system, whereas quinoxaline will not form an 
adduct with hydrogen chloride due to disruption of the 1.0ÎTsystem.
Tlie scheme as proposed, can account for the reactions of 
quinoxalinocinnolines with no substituents at position 10, The
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mechanism involves the reaction of essentially ionic species, and is 
probably reasonable for the reaction of hydrogen chloride. Hydrogen 
bromide however, is known to be more prone to undergo radical 
reactions, and therefore the possibility of a radical mechanism for 
the reactions of quinoxalinocinnolines must be considered, k sample 
of quinoxalino[2,3-il]cinnoline was treated with hydrogen bromide in 
the dark using degassed chloroform as solvent, the reaction being 
carried out under an inert atmosphere (nitrogen). Also present in the 
solution was a small amount of 2,6-di-t-butyl~#acaroresol, a known 
radical inhibitor. On completion of treatment with hydrogen bromide, 
the solution was found to contain a dark blue solid, wnich gave the 
same mass spectrum as the adduct of quinoxalinocinnoline and hydrogen 
bromide under 'normal* conditions. Basification of the adduct yielded
10-bromoquinoxalino[2,3-il]cinnoline as before, in comparable yield. 
This result would tend to suggest that a radical mechanism for 
bromination reactions is unlikely, although cannot be completely ruled 
out.
It will be recalled that the calculated values for the heats or 
formation of the cationic species formed by protonation at nitrogens 7 
and 12 are very similar. Therefore, in situations where for some 
reason or other attack by halide at position 10 is inhibited, the 
possibility of a proton shift is great, resulting in the formation of 
the more stable cation (protonation at N-7). Where there is more than 
one possible reaction pathway, then it is likely that kinetic effects 
have a considerable impact on the final outcome of the reaction. Such 
considerations may explain why in the case of 10-methoxy- 
quinoxalinocinnoline, chlorination occurs exclusively at C-9, instead
Figure l8 Reaction of lO—Bromo— 
quinoxalino [ 2,3~£.] cinnoline 
with hydrogen chloride
H+Route 1 Route 2
- V
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Cl
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of formation of an adduct at C-10. In those cases where the starting 
material is recovered in virtually quantitative yield 
(10-chloroquinoxalinocinnoline with hydrogen chloride and hydrogen 
bromide, 8,10-dichloroquinoxalinocinnoline with hydrogen chloride), 
then it would appear highly probable that halogénation does occur at
0-10, giving adducts with geminal di-halogeno- substituents at C-10.
These adducts would then lose a molecule of hydrogen halide during
work-up, rather than undergo aerial oxidation. However, it is obvious
that in a few cases the situation is somewhat more complex.
When 10-bromoquinoxalino[2,3“-jq]cinnoline is treated with hydrogen 
chloride, three products are obtained. Tlie major products are tne 
9~chlorO“10-bromO” and 10-bromoquinoxalinocinnilines (^ 12 o) and (42 k) 
respectively, in the ratio of about 2:1. There is also a small amount 
of what is thought to be the 9 »10-dichloro- derivative. The mass 
spectrum of the blue material formed during this reaction shows the 
presence of a mono-bromo-mono-chloro adduct, and also a 
mono-bromo-dichloro adduct. The latter compound would be formed by 
reaction with a second molecule of hydrogen chloride, in such a way 
that it is covalently incorporated into the adduct. Possible routes 
for the formation of the above mentioned adducts are shown in figure 
18. Route 1 involves initial protonation at N-12, followed by attack 
of chloride at C-10 to give adduct A. This is envisaged as being 
followed by a second protonation at N-7, which is susceptible to 
attack by chloride at C-9 to give adduct C. The alternative route 2 
involves initial protonation at N-7, followed by attack of chloride at 
C-9, giving adduct B. Further protonation and attack by chloride 
yielding adduct C. It must be considered likely that the initially
Figure 19 Reaction of 10~Chloro— 
quinoxalino [ 2,3~£l cinnoline 
i*d.th hydrogen bromide
Route 1 Route 2
I D
( E )
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formed mono cations are in equilibrium with each other, and that both 
pathways may be involved. Also, it is likely that the rates of the 
various reactions occurring have a decisive influence on the final 
outcome. Adduct C would be the source of the small amount of dichloro 
compound, while the bromo-chloro- compound could come from either 
adduct B or C. Adduct A and C would be the most likely sources of the 
mono-bromo product.
The similar reaction, that of 10-chloroquinoxalinocinnoline with 
hydrogen bromide gives a final product consisting of mainly 
10-chloroquinoxalinocinnoline (42 b) and a small amount of the
9-bromo-10-chloro- derivative. A scheme for this reaction is shown in 
figure 19. It is similar in nature to that shown in figure 18 for 
1D-bromoquinoxalino[2,3--i2.]cinnoline and hydrogen chloride. Again, 
there are two competing routes, initial protonation at N-12 giving 
adduct A on attack by bromide while initial protonation at N-7 
eventually gives adduct D. The mass spectrum of the blue intermediate 
obtained during this reaction shows a raono-bromo-mono-chloro adduct, 
and what may be a fragmentation product of a chloro-dibromo adduct E, 
though the presence of the latter adduct is by no means certain. If 
it is present, then it is so in low quantity. The small amount of 
bromo-chloro compound detected in the final product would most likely 
come from adduct D or E , while adduct A would most likely give the 
major component of the product, the 10-chloro derivative.
It can be seen that in both of the schemes shown in figures 18
/and 19» that an adduct appears that is common to one of the pathways 
in each (adduct A). If both adducts were present in the respective
- 6 0
blue intermediates, then it might be expected that there be some 
similarity in the distribution of products. This is clearly not so, 
therefore it is reasonable to assume that in at least one of the 
schemes, the pathway involving adduct A is of minor significance. The 
production of a mono-chloro-mono-bromo proauct in major yield would 
tend to favour route 2 in both schemes, while the relative absence of 
such a compound, and the high return of starting material would tend to 
rule out route 2. Therefore, in the reaction of 1-bromo- 
quinoxalinocinnoline with hydrogen chloride, the proauction of 
10-bromo- 9~chloroquinoxalinocinnoline suggests that route 2 in figure 
18 is the major pathway, while in the reaction of 10-ohloro- 
quinoxalinocinnoline with hydrogen bromide, the formation of the mixed 
halide in low yield in conjunction with a nigh recovery of starting 
material, suggests that route 1 in figure 19 is the major pathway. If 
this is the case, then the recovery of the 10-chloro compound from 
adduct A in figure 19 implies that hydrogen bromide is preferentially 
lost, from the adduct on work up. In the scenario described, route 1 
would be thermodynamically favoured, while route 2 would be important 
if the reaction was under kinetic control. The results also imply 
that attack by chloride at C-10 when C-10 carries a bromine atcai is in 
some way inhibited, while attack of bromide at C-10 when the carbon 
atom is chloro substituted is not inhibited. Whether the inhibition 
is steric in origin, or whether some form of electronic interaction 
between the bromine substituent and ring system and/or chloride ion is 
occurring, is difficult to say.
Formation of a covalent adduct between a quinoxalinocinnoline and 
a hydrogen halide molecule is considered to be followed by further
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protonation, MNDO studies^^ carried out on the adduct formed between 
quinoxalino[2,3 “Æ.]cinnoline and hydrogen chloride, indicate that
second protonation at N-7 and N-5 would give the thermodynamically 
more stable cationic species (protonation at N-7 giving the cation of 
marginally lower energy), while protonation at N-6 or N-12 is 
thermodynamically unfavoured (figure 20). Protonation at N-12 is by 
far the least favoured process, which is understandable, since the 
electron lone pair on N-12 will lie perpendicular to the plane of the
adduct, while those on the others will lie in the plane of the
adduct. The protonation of the adduct at N-5 has some analogy with
the protonation of 4-aininocinnoline, which is protonated 
preferentially at N-1^^. Protonation at N-5 allows extension or 
conjugation into the cinnoline portion of the molecule as shown 
below. ' Second protonation at N-5 would give species (69), while 
extension of the conjugation would give species (70), Similarly, 
inj.tial protonation at N-7, followed by second protonation at N-6, 
would also allow extension of congugation, the protonated species (71) 
giving species (72) on extension of conjugation.
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Hie total bond orders for the diprotonated species (second protonation 
at N-7 and N-5) are shown in figure 21. Tliese figures indicate that 
extension of conjugation into the cinnoline portion of the molecule, 
is to some extent predicted by the MNDO calculations done for second 
protonation at N-5. In the species with protonation at N-5, the bond
order of bond 12-12a is 1.3» while that of bond 6-6a is 1.54.
When a solution of quinoxalino[2,3-£.]cinnoline in chloroform is 
treated slowly with gaseous hydrogen chloride, the solution is seen to 
darken from deep orange to deep red before precipitation of the blue 
adduct commences. Similarly, if a solution of the adduct in ethanol 
is shaken with chloroform and aqueous base, the colour changes from 
blue to red, then to orange-yellow. The neutralisation of excess 
hydrogen halide in the adduct is considered to result in the 
reformation of the adducts (64) and (66). The initial adducts (64) 
and (66) are thought to be totally covalent, and therefore might be 
expectea to be chloroform soluble. In which case, the red colour in 
the chloroform (mentioned above) might be due to these adducts, wnile 
the blue colour might be due to the species showing extended 
conjugation ((70) and (72)).
The overall process of the proposed reaction scheme has some
analogy in the reactions of phenazinium salts (73)^^ and
49benzo[a]phena%inium salts (74) with nucleophiles. The sites of
nucleophilic attack in these compounds is shown opposite."- Attack by 
nucleophiles upon (73) occurs at position while in (74)
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49 52attack occurs at position 10 in 12-phenyl salts (74 a), ' and at
positions 5 or 9 in 7-phenyl salts (74 Phenaz-inium salts and
benzophenazinium salts are not, however, reactive towards chloride ion
(chloride is often the counterion in the salts themselves).
Phenazinium salts are represented in the ortho-auinonoid forms shown
in (73). However, they will readily undergo reactions in which they
are converted to compounds with qui no noi d structures. Hius
10~phenylphenazinium chloride (73: R=Ph, A'rCl”) reacts with aniline
to form tha anilino compound (75). When the salt is recrystallised
from ethanol, the compound (76), with the nara-quinonoid structure, is
49formed by loss of HCl.
Ph
(7 3 ,R rP h ',A = C r)
PhC l : x j
(75)
Recrystallised j from ethanol 
Ph
PhN<Y^^%/N
(76)
Similarly the safranine salt (77), if visualised as having only the
orth o-qui no noi d structure shown, might be expected to yield a strong
quaternary base on treatment with alkali, undergo diazotisation at
both amino groups and to be resistant to hydrolysis. Such is not the
case. Upon neutralisation with aqueous ammonia it forms a weak base
(78)^^ which can only be diazotised at one amino group, and readily
53undergoes hydrolysis to form an aminosafranone (79). % e  
aminosafranone, having a izaiia-quinonoid structure is then resistant to 
further hydrolysis.
6 4
(79)
NaOAo 150°
NH
HO'
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In the proposed mechanism for the conversion of 
quinoxalinocinnolines to the hydrogen halide adducts, the simple 
adduct (64) has a partially para.- qui no noid structure, while the adduct 
(70) has an extended oara-quinonoid structure. Preference for a 
structure such as this is supported by the behaviour of phenazinium
salts.
Compound X  nm (log £ in parentheses)
10-Chloroquinoxalino[2,3-c3 227(3.66) 242(3.47) 383(3.65)
cinnoline 390(3.17)
Benzo[a]phenazine 225(4.57) 252(4.3) 278(4.65) 
384(4.02)
Adduct, quinoxalino[2,3-0] 232(3.44) 302(3-3) 386(2.82)
cinnoline+HCl 569(2.76)
Adduct, 10-chlor©quinoxalino 235(3-42) 320(3-3) 392(2.8)
[2,3-c]cinnoline+HCl 610(2.73)
Figure 22
Qui noxalino[2,3-c]ci nnoli ne+HCl
10-Cl+HCl 570
10-Br+HCl 569
9-Br+HCl 568
2-Cl+HCl 594
8-Cl+HCl 546
10-MeC+HCl 610
10-Cl+HBr 581
Figure 25
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4.Ultra viole_t/_vlslMe speotra of the adduots formed from 
.auinoxalino[2,3-cloinnollne8 and hy.drogen halides
The absorption spectra of quinoxalino[2,3“i?.]Ginnoline (42 a) and
its derivatives over the range 200”500nm shows a profile similar to
55that of benzoLajphenazine. The adducts formed between
quinoxalino[2,3“£.]cinnoline (42 a) and hydrogen halides show weak
absorptions generally greater than 550nm that are totally absent from
the parent heterocyoles, although below 400nm the spectra are not
unlike those of quinoxalino[2,3~ilJcinnoline and benzo[a]phenazine.
The absorptions in the adducts above 550nm are those responsible for
the intense blue colour of these compounds. The ultra-violet/visible
absorption spectra of the adduct of quinoxalino[2,3r&]cinnoline and
HCl, along with the spectra of 10-chloroquinoxalinocinnolirie, 
56phenazine and benzo[a]phenazine are shown in figures 22 and 23. The 
spectra of the remainder or the adducts are shown in figure 24, and 
the position of the absorption maxima in the region 550nm are shown in 
figure 25 (spectra are recorded in ethanol). The hydrolysis and 
oxidation processes that the adducts appear to undergo in basic media 
can be followed, either by making up solutions in water, or in some 
cases by using solutions in propan-2-ol. It was found that several 
adducts, in particular those of quinoxalino[2,3-i2jcinnoline and the 
10-chloro derivative with hydrogen chloride, underwent hydrolysis and 
oxidation resulting in the formation of 10-chloro- 
quinoxalino[2,3“£.]cinnoline in propan-2-ol. Presumably propan-2-ol 
either de-protonates the adduct (70) in dilute solution, and this is 
followed by oxidation of the resultant adduct (64); or the propan-2-ol
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acts as an oxidising agent itself. Ttie extinction coefficients of the 
adducts of quinoxalinoC2,3*”il]cinnoline with HCl and the 10-chioro 
derivative with HCl were determined by the following method: Solutions 
of each in ethanol were diluted and the ultra-violet/visible spectra 
recorded. Solutions of the same concentration in an 
ethanol/propan-2-ol mixture were made up, and the ultra-violet/visible 
spectra recorded over a period of time until hydrolysis and oxidation 
were complete. The solutions that provided the final spectra were 
therefore solutions of 10”ChlorO‘-quinoxalino[2,3”Æ.]cinnollne of the 
same concentration as the initial adduct solutions. Since the 
extinction coefficient of 10~chloro~quinoxalinocinnoline had 
previously been determined, the extinction coefficients of the 
absorption maxima in the adducts could be determined.
Figure 26 shows the change in the absorption spectra of the 
quinoxalino[2,3~c.]cinnoline-HCl adduct in propan-2-ol/ethanol 
solution. Spectrum 1 represents the adduct in ethanol (and also in 
propan-2-ol). Profiles 2 to 11 show the changes that occur on
changing from the adduct to 1O»chloroquinoxalinocinnoline, and were 
recorded over equal time intervals. Similarly, figure 27 shows the 
change that occurs to the spectrum of the 10-chloro- 
quinoxalinocinnoline-HCl adduct in an aqueous acetone solution. Here, 
profile 1 is the spectrum of the adduct in neat acetone, alüiough a 
solution of equal concentration in aqueous acetone is initially the 
same. Again the product is 10-chloro- quinoxalinocinnoline. Both 
spectra show similar features, with isosbestic points at approximately 
350 and 450nm. A feature of note is that in both series of spectra 
there is an initial rapid shift in the position of the absorption
colour A m  acid strength
base orange 472nm -
N
mono-salt cerise 520nia 1 drop NH_ HCl
 ^ di- salt pure green yo^nm cone
HGl
IlH tri-salt brovm/red 541 run cone 
t (506)
base yellow/ 447nn
orange
NK
HN NH
 ^ mono-salt cerise ^20nm 1 drop
HCl
+ di-salt violet 580nm dil
HCl
+ tri- salt blue/ 6$0nm cone
green
tetra-salt red/brown 540nrn fuming 
Figure 28
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maxima in the visible region from about 570ma to 545nm (profiles 1 to
2), and that the observed change is the reduction of the maxima at
545nm and increase of the maxima at 390-400nm (due to formation of
lO-chloroquinoxalinocinnoline). Tliis may represent the initial change 
from adduct (70) to (64) via deprotonation, followed by oxidation, 
which is the major process observed. Certainly if species (64) is 
deep red; a shift in the absorption maximum to a shorter wavelength 
would be expected.
Examples of changes in absorption wavelength with changes in the 
degree of conjugation in heterocyclic bases are shown by a group of 
phenazine derivatives, the safranines.^^’^ "^ Such changes are brought 
about by the differing extent of protonation in media of variable
acidity. Figure 28 shows a series of such compounds and the change in
the position of absorption maximum. It is interesting to note that 
compounds with a pana» qui no noi d structure generally show absorption 
maxima above 520nm, while those with ortho-quinonoid structures absorb 
below 500nm. Also, in those compounds with .papa-quinonoid structures, 
the position of the absorption maximum changes with degree of 
protonation. Often increased protonation moves the absorption maximum 
towards the red end of the spectrum (i.e. colour changes from
red/orange through violet and blue to green) up to a point, then
increased protonation disrupts the conjugation in the molecules, and 
the wavelength of absorption drops.
The adducts (64) and (70) are respectively considered to be dark
red and blue in colour, and this change in colour coupled with the
difference in proposed structure, is similar to the effects observed
68
in the safranines.
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5.Chiorlde._ion as a nucleophile In substitution reactions of
. sys.tdms.
Chloride ion is not generally considered to be a strong 
nucleophile, and therefore will only take part in a few specific types 
of nucleophilic substitution reaction. These generally involve the 
reaction of a halogen containing reagent such as acetyl chloride, 
phosphoryl chloride, phosphorus pentachloride and hydrogen chloride, 
with heterocyoles bearing an oxy-substituent such as N.-oxide, keto or 
hydroxy groups. The oxygen atoms in such compounds undergo 
electrophilic attack by the reagent, furnishing a chloride ion which 
can then attack the positively charged species formed. The site of 
chloride attack depends both on the nature of the heterocyclic 
compound, and its substituents if any; since the addition of chloride 
ion is followed by elimination of a good leaving group (and often a 
proton as well). The chloride ion need not attack at the site of the 
leaving group. Examples of the various types of reaction follow ;
There are many reactions where keto compounds are deoxygenated and
chlorinated at the same site. For example, the reaction of phosphoryl
58chloride and phosphorus pentachloride with pyridones:
POC!
O
/ Cl
'^N^^OPCI
P i
or
Cl 11
H j
+ !I
P O C U 1
70
Chloride need not attack at the site of the leaving group, as 
illustrated by the reaction of pyridoC2,3“.l]pyriinidin-2,it-- 
( 1H,3H)-dione-1"fI--oxide with phosphorus pentachloride and phosphoryl 
chloride to give 6~chloropyrido[2,3“d.]pyrimidin-2,4~( 1H,3H)-dione;'^^
POCU PCIHN HN
OH
HN HN
Many other heterocyclic ü-oxides may be deoxygenated by reagents 
such as phosphoryl chloride and. thionyl chloride, being substituted 
with chlorine at the same time;^^’^ ^
Cl
SOCI2
N
0*
01
01'
1>0 '“SO'“’OI
OSOCl H 01
N
1'^  r».0 - S O  — 01
N 
50%
01
01
40 %
NOr
=N10“
or * NO,01 ^ N
- 71 -
Similarly, benziraidazole-^-oxides can be chlorinated and 
deoxygenated at the same time:^^
nr;> RPOChN or SOCI orTsClI0~
POCI3
0"
OH
process
Other functional groups can become involved in the displacemeni 
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NO.
CHpOCi
or 15-Y 20%O MCI
C f \ N O  Cl T n O, Cl
OCOCI IOCOCH. Ô — COCH
I
Cl
CH CO-ONO + 3
All of these reactions involve the removal of an oxygen atcm, or
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some other functional group, and are considered to be addition and 
elimination reactions, though of an abnormal type, since 
ci ne-substitution occurs. They are referred to as AE^ reactions.
The reaction of quinoxalino[2,3“£.]cinnoline and its derivatives 
with hydrogen halides is of a type similar to the above mentioned, in 
that halide ion is considered to attack a positively charged species 
at a site remote from the charge. It differs however, in that it is 
not strictly an addition-elimination process, rather when considered 
overall, it is an addition-oxidation process. Under the reaction 
conditions it is envisaged that the adduct formed initially is 
stabilised by further protonation. There is however, reason to 
believe that the initial adduct is itself susceptible to oxidation, 
and therefore overall, the further protonation need not be considered 
essential to the reaction.
Within the study of quinoxalino[2,3”*_o]cinnolines the ease of 
introduction of chlorine into position 10 is of great synthetic value, 
since as will be mentioned in the following chapter, chlorine in 
position 10 is labile to nucleophilic reagents, opening up synthetic 
routes to other compounds. Further investigation of this reaction is 
required in order establish firmly the identity of the adducts and the 
mechanism. Indeed, investigation of the application of this type of 
reaction to other heterocyclic species is an obvious further extension 
of the present work.
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CHAPTER 5
The reactions of halogenated ouinoxalinor2.3--c_1cinnol.ines
with nucleophile_s
74
1 .Nucleophilic displacement reactions of halop-ienated 
quinoxallnol' 2,3-olclnnolines
It will be recalled from the introduction (p. 12), that when
4jb-dichloro-ü-ü-nitrobenzylidene-â-phenylenediamine was reacted with
potassium cyanide in an attempt to form the 9 »10-dichloro-
quinoxalino[2,3“^ ]oinnoline (42 n), a mono-chloro-mono-raethoxy
31derivative was formed. In addition it had been found that a sample
of the 9,10-dichloroquinoxalinooinnoline (42 n) prepared by the
3,4-dibromocinnoline route (p. 16), when treated with sodium
methoxide, underwent methoxydechlorination of one of the chloro
substituents. The product from this reaction had a n.ra.r,
spectrum virtually identical to that of the product of the cyclisation
of the 4,5-dichloro-anil mentioned above. In both cases, it had not
been possible to determine with certainty which chlorine atom had been
replaced. It had also been found that a model compound,
6,7“dichlorO“2~phenylquinoxaline (80) showed no reaction with 
31methoxide.
NaOMe
MeOH no reaction
This suggested that the nitrogen atoms in the cinnoline portion of the 
quinoxalinocinnoline structure (N-5 and M~6) were structurally
Reactant (quinoxalino- 
cinnoline)
Reaction
time
Product (quinoxalino-
[2j3-h]cinnoline); yield(^)
(42 b) 10-Cl 1 hour (42 f) lO-MeO (83)
(42 c) 9-Cl 8 hours (42 c) 9-01 (92)
10 hours (42 c) 9-01 (90)
(42 k) 10-Br 10 hours (42 f) lO-MeO trace*
(42 k) 10-Br (90)
(42 1) 9-Br 10 hours (42 1) 9-Br (95)
(42 n) 9,10-Gl2 1 hour (42 m) 9-Cl-lO-MeO (90)
(42 q) 9,10-fîe(^ 2 trace^
2.5 hours (42 m) 9-Cl-lO-MsO (50) *»
(42 q) 9,10-^e(^2 (35)
10 hours (42 m) 9-Cl-lO-MeO (13) -5HÎ-
(42 q) 9,10-MeO (68)
from mass spectrum; ^  estimated, from H n.m.r. integrals
Table 12' Reactions of halogenated quinoxalino[2,3-c]cinnolines 
v/ith sodium methoxide.
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involved in the substitution process. Finally, it had been found that 
the cyclisation of 5~chloro-4-raethoxy*'N.-o,“~nitrobenzylidene-^- 
phenylenediamine (50) with cyanide resulted in the formation of a 
dimethoxyquinoxalinocinnoline, presumably the 9»10-dimethoxy 
derivative (42 q), This suggested that the chlorine atom at position 
10 of the 10“ChlorO“9-methoxyquinoxalinocinnoline (42 r) was labile to 
methoxide.
N CH KCN
MeO MeOHONNH
(50)
Further evidence of the occurrence of methoxydechlorination of 
chloroquinoxalinocinnolines was observed during the cyclisation 
reactions of some chloro-substituted 2-acetamido-aniis. It has 
already been mentioned in chapter 2 (p. 25), that when tne 5-chloro-
and 5,5'-dichloro~2-acetamido-anils (55 b) and (55 d) were cyclised 
with cyanide in methanol, the expected 10-ohloro- and 
2,10-dichloroquinoxalinocirmolines (42 b) and (42 d) were formed, but 
the presence of methoxy-derivatives was also detected in the spectra 
of the reaction products. Indeed, it was found that increased 
reaction time resulted in a larger yield of the methoxy compounds.
To investigate the methoxydehalogenation of halogeno-quinoxalino- 
cinnolines, a number of such compounds were reacted with excess of 
methanolic sodium methoxide for several hours. The results or these
MeO'
MeO“
MeO
MeO
MeO
MeO
route (a) route(B)
Figure 29
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experiments are shown in Table 12.
These results show a number of interesting features;
(i) 10-chloroquinoxalino[2,3~^3cinnoline (42 b) underwent methoxy- 
dechlorination with relative ease (in high yield). Under similar 
conditionsf 9~chloroquinoxalino[2,3~£.3cinnoline (42 c) was unaffected, 
even after longer reaction time.
(ii) 10-Bromoquinoxalinocinnoline (42 k) showed only a very slight 
trace of bromine replacement, after 10 hours. 9-Bromo- 
quinoxalinocinnoline (42 1) was completely unaffected over the same 
reaction time.
(iii) When 9,10-dichioroquinoxalino[2,3-i?_]Ginnoline (42 n) was reacted
with sodium methoxide, one chlorine atom was replaced after one hour.
Increasing reaction time, up to 10 hours, resulted in apparent
replacement of the other chlorine atom with methoxide, presumably
forming the 9,1O~dimethoxyquinoxalinocinnoline (42 q). This compound
1was identified by its H n.m.r. spectrum, which shows two sharp
singlets (H-11 and H-8) at 6 7.65 and (§7.78, and by its mass spectrum,
with a molecular ion at m/e 292.
A mechanism for the dehalogenation process should take all the 
above features into account. A suggestion for the mechanism is shown 
in figure 29, shov/ing attack by methoxide at both positions 9 and 10. 
The charged intermediates can be represented in more than one form. 
One of the intermediates in route A has a conjugated 10IT system, while 
the other has a benzenoid like 6tT system. In route B, one or the
intermediates has a delocalised 10rt system, while in the other the
conjugation is extended, resulting in disruption of the lOTffragment.
77 -
Therefore, it may be considered that for attack of methoxide on 10-and
9— chloroquinoxalinocinnolines, route A (figure 29, XrCl) gives the 
most stabilised intermediate. This would mean that replacement of 
chlorine at position 10 is easier than replacement of chlorine at 
position 9. The relative unreactivity of the bromo-derivatives is 
understandable, since it fits the observation that for 8^2 
addition-élimination reactions of various heterocyclic and benzenoid 
aromatic compounds, the order of mobility of the leaving group is 
F»Cl>Br>I, for anionic nucleophiles (where the nucleophilic centre is 
an element from the first row of the periodic t ab l e ) . I n  the case of 
the 9,10-dichloroquinoxalinocinnoline, there is no obvious reason why 
the chlorine atom at position 9 should be replaceable upon formation 
of the 9-chloro-IO-methoxy- derivative, although it is likely that in 
this case (as well as the others raentione(^ , the rates of the various 
processes that can occur will have a decisive effect on the outcome of 
the reaction.
Im
absorbance
Olo
oioo
H*
o>oo
O)
O lo ro
W
03oo
o
o
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2.The reactions of 1.0-chIoro_quinoxalina[2.-^ ~c.lGinnolxne with
A number of reactions were carried out on 10-chloroquinoxalino- 
[2,3-IÎ.]cinnoline in attempts to displace the chlorine atom with a 
nitrogen nucleophile. With piperidine, using the base as both solvent 
and reactant, the chlorine atom was replaced to yield the
10-piperidino derivative along with piperidine hydrochloride. The 
piperidino compound is bronze in colour, and like the hydrogen haJ.ide 
adducts mentioned in the previous chapter, was very insoluble in most 
solvents. In acetone, it formed a deep purple/red solution, the 
visible spectrum being shown in figure 3 0 The mass spectrum of this 
compound . shows the breakdown pattern common to other 
quinoxalinocinnolines.
With diethylamine, using the base as solvent and reactant as 
above, no reaction took place. This is probably due to the 
temperature of the boiling solvent and reactant being too low for 
reaction to occur.
With benzylamine, again using the base as solvent and reactant at 
lOO^C, a blue product was obtained. This solid was extremely 
insoluble in most solvents, but its mass spectrum indicates that in is 
a 1:1 adduct of benzylamine and 10-chloroquinoxalinocinnoline. This 
information, in conjunction with the observed colour indicates that 
the solid might have the structure represented below. When the 
reaction was repeated at boiling point of benzylamine (180°C),
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10~Ghloroquinoxalino[2,3“^]oinnoline was recovered in high yield.
A possible reaction scheme for the reaction of piperidine with 
10”Chloroquinoxalino[2,3-"_Q.]cinnoline is shown in figure 31^
Cl
PhCHNH
..XI,C5H12NC,
(6 1)
N
(42 S)
Figure 3I
Ihe formation of the blue compound with benzylamine may represent tne 
above sequence being terminated at the equivalent of species (81) or 
its uncharged tautoiner shown above,
This would be due to protonation of the intermediate rather than 
benzylamine to give the 1:1 adduct of 10-chloroquinoxalinocinnoline 
and benzylamine. Attempts to deprotonate the blue compound with 
dilute aqueous sodium hydroxide and concentrated sodium hydroxide were 
not successful.
NICI
( 85 )
Cl
(84)
•" 80 ~
The 10-piperidino compound (42 s) shows interesting acid/base 
behaviour. If a dilute solution in acetone is treated with 
increasingly concentrated acid, a series of colour changes are 
observed, from red/purple to blue, then to red/purple again. These 
changes can be followed spectrophotometrically, and the changes from 
10-piperidinoquinoxalinocinnoline to a blue species, then to a 
purple/red species, occur through two series of isosbestic points. 
This is shown in figure 3 0..~tSince the changes occur with each profile 
passing through an isosbestic point, then they probably represent 
successive protonations of (42 s). First protonation at N-12 would 
allow extension of the conjugation, giving a species such as (82), 
whereas protonation at N-7 (83) would not permit further extension of 
the conjugation. The observation that the absorption maximum moves 
towards longer wavelengths (profiles 1 to 5) would therefore agree 
with protonation at N-12, rather than at N-7. Further protonation at 
N-5 would allow further extension of conjugation to give a species 
such as (84), while protonation at N-7 could possibly result in 
disruption of conjugation (85). Likewise, initial protonation on the 
piperidino nitrogen (86) would inhibit extension of conjugation. The 
second change observed (profiles 5 to 7) show a slight shift back to a 
shorter wavelength, but not to one as low as that of the unprotonated 
species (42 s). Therefore, it is possible that the successive 
formation of species (82) and (84) cause the changes in the position 
of absorption maxima observed. Indeed, structures (82) and (84) both 
contain para-quinonoid bond arrangements, and would be expected to 
absorb at longer wavelengths than (42 s) and (85), which both have 
ortho-quinonoid arrangements. This behaviour has some analogy in that
81
of the phenazine derivatives (the safranines) mentioned in the 
previous chapter.
In conclusion, 10-chloro~substituted quinoxalinocinnolines are 
good substrates for methoxydechlorination reactions, and potentially 
also for nitrogen nucleophiles. Thus in conjunction with the various 
chlorination reactions possible at position 10 by gaseous hydrogen 
chloride, nucleophilic displacement reactions open up routes to 
compounds that would otherwise be difficult to make, or totally 
inaccessible.
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CHAPTER 6
1-The_-JI__n.m. r. spectra, of quino%alino[2.3-olGinnoline 
and its derivatives
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The n.m.r. spectra of ouinoxallnorz.l-olcinnoline 
and its derivatives
The 80 MHz H n.m.r. spectrum of the parent quinoxalino[2,3-il]“'
cinnoline (42 a) shows two protons at low field, one at &9.2-9.35 and 
one at G8.85-9.05. Both signals are complex multiplets. Tlaese 
protons are considered to be protons 1 and 4 respectively. They come 
to resonance at lower field than the corresponding protons 5 and 8 in 
cinnoline (87)^ '^^ *^  and quinoxaline (88).^^ A similar effect is seen 
in the spectrum of 9-chloro-2,3*“dimethylpyrazino[2,3“£.]cinnoline 
(89),^^ where protons 10 and 7 come to resonance at 6 8.87
(asia-coupled doublet) and &8.71 (ortho-coupled doublet).
8.07
7.94
7.84
Figure 32
68.71
(8 9 )
The spectrum of benzo[h]cinnoline (90)^^ shows proton 10 to be 
furthest downfield (corresponding to proton 1 in (42 a). Similar 
effects are seen in the spectra of benzo[h]quinoline (91),
84
benz[a]aoridine (92) and naphtho[2,1“Ji3quinoline (93)•
8.8 (others 7 .3—7,9)
""^^7.05
7 5
 ^ 69
7.46
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8 35
(91)
9 .4 -9 ,6
(92)
9 11
^^-"''^11*2 39
8 11
(90)
(o th e rs  7 .4 - 8 .o )  
(9 3 )
Figure 33
The cause of this is probably a deshielding effect on the protons 
concerned by the lone pair of electrons on the nearby nitrogen atoms 
(N-2 in (90), N-12 in (42 a) etc.). Indeed the effect is most
pronounced in (93) where the sterio arrangement required for such 
interaction is particularly favourable. The case of 
quinoxalinocinnoline (42 a) is illustrated in figure 34.
Figure 34
Protons 2 and 3 in quinoxalino[2,3“il]cinnoline (42 a) come to
Positions of protons in the n.m.r. spectra of quinoxalino[2,3-£]cinnolines 
Proton 1 Proton 4 Protons 2,3
ê 10
Figure 35(b)
610
Figure 35(c)
610
10~MeO
10-Br
^-Br
/  t
Proton 8 Proton 11 Protons 9.10
9-Gl-lO-MeO
9.10-(MeC^ 2
9-Br-lO-cr
10-Br-9-Cl
9.10-012
8
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resonance at 6 7.92-8.25, compared to protons 6 and 7 in cinnoline 
which resonate at 6 7.89 and ^7*94 respectively. Similarly, proton 8 
of (89) has a chemical shift of 67*91. Protons 8 and 11 come to 
resonance in (42 a) at 68.32-8.7» compared to 68.07 for H-5 and H-8 in 
cinnoline. Protons 7 and 10 in (42 a) resonate at 6 7 .92-8.25.
When the parent ring system is substituted, assignment of protons 
in the n.m.r. spectrum is simplified, since for substitution at 
positions 9 and/or 10 the quinoxaline-derived protons give a first 
order spectrum, while the same is also true for the cinnoline-derived 
protons in 2-substituted compounds.
By comparison of the compounds listed in table 13 , it can be seen 
that in all cases proton 1 falls into the range 69.14-9.48, proton 4 
in the range 68.83-9.15, and protons 2 and 3 in the range 67*92-8.32 
(shown diagramatically in figure 35(a)). Indeed, the chemical shift 
differences between signal groups H-1, H-4 and H-(2,3) are always
approximately the same throughout the series.
A similar trend is apparent for protons in the quinoxaline 
portion of the structure, which is generally substituted, Tlius in 
most cases of monosubstitution in the quinoxaline portion, proton 8 
resonates at approximately 58.5, proton 11 at approximately 68.4, and 
protons 9 and 10 come to resonance in the range 67.88-8.2. Ihis is 
shown in figure 35(b).
There are three exceptions to the above trends, involving shifts 
away from the general positions. In 9-broraoquinoxalinocinnoline
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(42 1) proton 8 is shifted downfield by 60.2; in the 10-brorao- 
derivative (42 k) proton 11 is shifted downfield by about 6o.3; while 
in the 10-methoxy- derivative (42 f), proton 11 is shifted upfield by 
about 60,75 and proton 9 is shifted upfield by about 6 0.2-0,25 (figure 
35(b)).
A substituent can affect the chemical shift of ortho-protons in a 
number of ways. There are diamagnetic anisotropy, electric field, 
inductive and mesomeric effects. To a first approximation these 
effects are constant for a given substituent, except for mesomeric 
interactions which are dependent on the distance between, and 
configurations of, the substituent and ortho-protons. Mesomeric 
effects are directly related to the bond orders within the compound.
The change in chemical shift AS of aromatic ring protons at ring 
position a. due to substituent X at the ortho position Ji, is linearly 
proportional to the ortho-coupling constant between the protons in 
these positions in the corresponding unsubstituted compounds.
Here n and t are constants for each substituent x: n is a measureX X  X
of the mesomeric effect of substituents, while t is a measure of
inductive, direct field and magnetic anisotropy effects. is
70related to the bond order of the bonds in question.
Chemical shift changes of ortho-protons for a variety of
87
71substituents in quinoxaline derivatives are known. For 
6-metlioxyquinoxaline the changes are - 0.71 for H-5 and -- 0.41 for 
H-7. Tlie deviation in H-11 in 10-raethoxyquinoxalinocinnoline is 
- 0.75, and for H-9 between - 0.2 and - 0.25, which compare favourably 
with the shifts in the methoxyquinoxaline.
In the case of bromo-compounds a very slight downfield shift
might be expected, but not of the magnitude observed in 9- and 
10-bromoquinoxalino [ 2,3-£.] cinnol ines.
9,10-Dlsubstituted quinoxalinor2,3-cIclnnolines
The effects observed in the mono substituted derivatives with 
respect to chemical shift changes are also observed in the
disubstituted derivatives. Introduction of an extra chlorine atom in 
the 9,10-dichloro derivative (42 n) is not considered to alter the- 
relative order of the chemical shifts of protons 8 and 11, but both 
are shifted downfield by about 0.25. In the 9,10~dimethoxy 
derivative (42t^ ), an upfield shift due to the adjacent methoxy groups 
is observed for both protons 8 and 11. Again it is thought that the 
order of the protons is unaltered.
In the 9”ChlorO“1C-methoxy derivative (42 m), proton 8 is
unaffected, proton 11 being shifted upfield due to the adjacent,
methoxy group. In the IO-bromo-9-chloro derivative (42 o) a reversal 
in the order of the protons is observed. Proton 8 is shifted 
downfield by about 0.15, and proton 10 is shifted downfield by about 
0.4 due to the adjacent bromine atom. In the 9-bromo-l0-chloro
- 88
derivative (42 p) proton 11 is shifted downfield by about 0.2, and 
proton 8 is shifted downfield by about 0.35. The 9,10-disubstituted 
compounds are represented in figure 35(c).
The observed shielding of ortho-protons in the bromo-derivatives 
would appear to be somewhat unusual, since standard texts on n.m.r.
spectroscopy give the substituent effect of bromine on ortho-protons
72 73 74in substituted benzenes, as being zero or up to +0.2 ’ , while
some of the shifts observed in the bromoquinoxalinocinnolines between
+0.35 and +0.4. The cause of the shifts is perhaps due to the sterio
interaction of the relatively bullcy bromine atom pushing the adjacent
ortho-protons out of the plane of the molecule, and into a more
deshielded region of the magnetic anisotropic zones created by the ririg
current in the ring system.
MeO
lO-MeO-qulnoxalxnocinnoline 
(pure)1
lO-MeO-qulnoxalinocinnoline 
+ ^-oxlde 2 I before reaction 
with
after
reaction 
with POL
lO-MeO- 
quinoxalino- 
cinnoline-H- , I oxide
9-*Cl-10-Me0-'quinoxalinocinnoline 3
8.5 7.5 4.5
80 I'lHz ^  n.m.r. spectra of lO-MeO-quinoxalinocinnoline 
its ^-oxide, Êind 9~Cl-10-Me0-quinoxalinocinnoline,
along with mixtures of all three.
Figure H
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1The H n.m.r. spectrum of 10-methoxyquinoxalino- 
C 2, loinnoline-5-oxide
It will be recalled from the end of chapter 3, that the
n.m.r. spectrum of a mixture of 10-methoxyquinoxalinocinnollne (42 k)
and its 5-oxide (60 k) obtained from the cyanide-induced cyclisation
of the 5-methoxy-aoetamido-anll (55 k) clearly shows the presence of
two different methoxy-groups [figure 11(B)]. When the mixture was
1treated with phosphorus trichloride, the H n.m.r. of the product 
showed three methoxy signals [figure 11(C)], the signal due to the 
10-methoxyquinoxalinocinnoline being reduced in intensity, along with 
the concurrent appearance of a signal due to the IO-raethoxy-9-chloro- 
derivative, while that due to the 5-oxide remained unchanged. In 
chapter 4, a method was described whereby a mixture of a 
quinoxalinocinnoline and its Mroxide could be separated, involving the 
reaction of the quinoxalinocinnoline with gaseous hydrogen chloride, 
leaving the M-oxide unchanged. In particular, this method was used to 
separate the mixture of methoxy compounds, with the result that the ^H 
n.m.r. spectrum of the M-oxide was obtained. This is shown in the 
accompanying figure 11(D), along with the previously mentioned 
spectra. Also included is a spectrum of
10-methoxyquinoxalinocinnoline (figure 11(A)), and the 10- 
raethoxy-9-chloro derivative (figure 11(D)). Ttie spectrum of the 
M-oxide shows small amounts of both the above mentioned compounds but 
these are present in insufficient concentration to mask the spectrum 
of the N-oxide.
»,
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The general appearance of the spectrum is similar to that of
10-raethoxyquinoxalinocinnoline. This would tend to indicate that 
there is a strong structural resemblance between the two compounds. 
The order of protons arising from the quinoxaline portion of the 
molecule appears to be unchanged, though upfield shifts are apparent, 
being greatest for proton 8 at about 0.2 p.p.m., while protons 9 and 
11 are shifted by about 0.1 p.p.m. Similarly, there is a spreading
out of the multiplet due to protons 2 and 3» indicating a possible
slight upfield shift for at least one of them. The positions of the
low-field protons 1 and 4 appear to be relatively unchanged, though it 
is possible that the order of the protons has been reversed, with an 
upfield shift for proton 1 and a downfield shift for proton 4. 
Anisotropic deshielding of the protons at position 8 peri to the 
nitrogen-oxygen bond in cinnoline-1-oxides has been observed in their 
spectra, though the magnitude of such shifts is variable (0.35 p.p.m. 
for 4-methylcinnoline-1-oxide in CDCl^, and 0.05 p.p.m. for 
Ginnoline-1-oxide in C D C l ^ ) T h e r e f o r e ,  it is possible that 
such an effect might occur with respect to the proton peri to the 
nitrogen-oxygen bond in quinoxalino[2,3*-^]cinnoline-5*"Oxides, namely 
proton 4.
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CHAPTER 7
and its derivatives
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The mass spectra of...Quxnoxalino[2«3-GjGinnollne 
and its derivatives
The mass spectra of quinoxalino[2,3-^]cinnoline . and its 
derivatives show a number of features that appear to be common to all, 
and these will be discussed in terms of a generalised fragmentation 
pathway, with specific examples used to illustrate particular features 
observed in the spectra. Meta-stable peaks were not observed in any 
of the spectra, and accurate masses were not recorded. Therefore, 
while certain processes were observed, the exact nature of the 
fragments produced, and mechanism of the fragmentation processes 
themselves, are open to conjecture. Where a fragment is represented 
as having a particular structure, this is shown only as a possibility, 
and no claim is made towards the exact identity of the fragment in 
question. Despite these limitations, a distinctive fragmentation 
process is observed which is considered to be characteristic of 
quinoxalino[2,3”jQ.]oinnolines in general.
The major fragmentation process observed in virtually all spectra
is the loss of 28 mass units from the molecular ions, corresponding to
the loss of nitrogen. This fragmentation is a common feature in the
75mass spectra of many heterocyclic diaza compounds, such as cinnoline
and benzoC c] cinnol ine.*^  ^ In compounds such as these (including
quinoxalinocinnolines), the diaza group is either 'sandwiched? between
two aromatic ring systems, or as in the case of cinnoline, one end of
the diaza group is directly bonded to an aromatic ring. In
77heterocyclic compounds such as phthalazine, neither side is directly
- 93
bonded to a ring system, and loss of. hydrogen cyanide, another common 
feature in the mass spectra of heterocyclic nitrogen compounds is the 
primary fragmentation process. Loss of nitrogen from
quinoxalinocinnolines is represented in figure 36.+
N,
?
(94a)
Figure 36 Y
(94b)
The structure of the fragment corresponding to loss of nitrogen 
(at m/e ' 204 in the spectrum of (42 a)) is represented either by the 
open form (94 a), or the closed form (94 b). Thermal extrusion or 
nitrogen from a number of structurally related heterocycles, including 
quinoxalinocinnoline (42 a) itself, has been found to result in the 
formation of compounds with biphenylene structures similar to 
(9'l b).?G'32
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Though direct comparison of mass spectral processes with thermal 
processes is not always valid, if the neutral molecule corresponding 
to an intense fragment ion in the mass spectrum is stable at pyrolytic
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temperatures, 
79
then the fragment is likely to have the same
70structure,
it is quite possible that the fragment observed at m/e 204 in the 
spectum of (42 a), and the corresponding fragments of its derivatives, 
actually has the structure (94 b) (table 14- , column 2)
The remaining fragmentation processes observed in the spectra 
appear to derive from further breakdown of fragments (94 b). The
fragmentation of (94 b) produces three groups of fragmentation
products:
i) A group of fragments probably having a similar structure to (94 b) 
is formed by processes involving loss of all, or part of, the 
substituents in substituted derivatives of (42). In particular, in 
the spectra of the halogenated derivatives, loss of halogen atoms is 
observed in mono halogeno compounds, while in di-halogeno derivatives, 
successive loss of two halogen atoms is observed. These processes 
produce fragments of m/e 203 or 202 (table > column 2). For 
example, the mass spectrum of the 2,10-dichloro~derivative (42 d) 
shows loss of two chlorine atoms following the loss of nitrogen,
(figure 37).
Figure 37
N ^  \  
m/e 300/302/ 
304
-  N2
- * c i
m/e 272 
274/276
-œ
nye202
-Cl-
m/e 237/239
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The successive loss of two atoms from molecular ions or fragment ions 
is not an energetically favoured process. However, successive loss of 
halogen atoms (especially chlorine) is fairly common. For example, 
successive loss of chlorine atoms has been seen in the mass spectrum
opof 11H-dibenzo[c,f][1,23-diazepines.
m/e 262/4/6
— N'
- C l '<--
m/e 164 m/e 199/201
The other fragmentation processes of (94 b) result in the 
formation of a group of breakdown products derived from the 
quinoxaline portion of the structure of the quinoxalinocinnoline(group 
(ii)), and a group derived from the cinnoline portion of the 
quinoxalinocinnoline (group (iii)):
ii) This group is characterised by the appearance of fragments that 
show the presence of the substituents in the quinoxaline portion of 
the molecule. Loss of the substituents is observed (for example loss 
of halogen atoms), resulting in formation of other fragments at m/e 
76,75 and 74, which in turn can give rise to smaller fragments (table 
columns 5 and 7).
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iii) This group is characterised by the the appearance of fragments at
m/e 102, thought to have the general formula CgH^'(or in the case of
2,10-diohloroquinoxalinocinnoline (42 d), CgH^Cl* at m/e 136/138 and
CqH/at m/e 101) (table column 6), o 0
A fragment at m/e 102 is observed in the mass spectrum of 
cinnoline,shown in figure 38.
W 2
m/e 130
Figure 38
m/e 102
+ C„H'6“ 4|
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/ \
¥ 4+
W '
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A number of structures have been proposed for the fragment at m/e 102 
in the mass spectrum of cinnoline, the most likely being d) shown
below.75
b)
KCs Cf:H =  CH) Ch CH
4 ^
<=l d)
It is likely that the fragments observed at m/e 102 in the 
spectra of the quinoxalinocinnolines have similar structures to that 
proposed for the fragment at m/e 102 in cinnoline. Indeed, the
~ 97 —
fragmentation of m/e 102 to give and fragments as shown above 
for cinnoline is also seen in the spectra of some of the 
quinoxalinocinnolines (table 1^ , column 7).
The exact route by which (94 b) breaks down to give the above 
products is not exactly clear. However, the appearance in the mass 
spectra of a number of other fragments gives some indication to the 
processes occurring.
Fragments are observed corresponding to loss of hydrogen cyanide 
from (94 b). In the parent compound this is observed at m/e 177, 
while in the case of the mono-halogeno compounds, the 
halogeno-fragment is often seen, along with the corresponding fragment 
due to loss of a halogen atom (m/e 176). The dihalogeno-compounds 
show no fragments of this type with substituents, but do show the 
fragments at m/e 175 in a few cases, probably corresponding to loss of 
hydrogen cyanide after loss of the halogen atoms from (94 b) (table 
1^., column 3)» The nature of these fragments is unclear, but 
possibilities are shown below. Of the two structures shown, (95 a) is 
perhaps the most likely, and could also be a possible source of 
fragments at m/e 102.
N
-HCN
N
o
(95b)
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The appearance of fragments at m/e 128 in a number of
quinoxalinocinnolines implies the splitting of (94 b) into a C 
fragment and a fragment. This is represented below.
6
V W
This type of fragmentation would give the fragments previously
mentioned (table 14- , column 5), and ; also the fragments at m/e 128. 
In addition, a fragment at m/e 162/164 is seen in the spectrum of
2,10-dichloroquinoxalinocinnoline, which corresponds to the
mono-halogenated fragment derived from the cinnoline portion of
the quinoxalinocinnoline.
Finally, there are a few exceptions to the general fragmentation 
patten mentioned. These involve methoxy- and piperidino- 
quinoxalinocinnolines. The mass spectrum of the latter compound, the
10-piperidinoquinoxalinocinnoline is very similar, with the exception 
that loss of piperidine or a piperidine radical is observed to occur 
before as well as after loss of nitrogen. The rest of the 
fragmentation is as described.
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The greatest difference is seen in the spectra of the 
methoxyquinoxalinocinnolines. In the spectra of these compounds, the 
first fragmentation process observed is loss of nitrogen as before. 
However, subsequent fragmentation is different, in that the processes 
observed involve the methoxy substituent directly. Rather than being 
lost in total as a radical species (as in the case of 
halogeno-compounds), the methoxy substituent fragments with loss of a 
methyl radical, followed by loss of carbon monoxide. Ihis latter 
process involves formation of a fragment, rather than the 
fragments seen in the spectra of the other derivatives. Subsequent 
fragmentation is similar to that observed in the rest of the series, 
except where raethoxide is again involved. In the 9-chloro-10-methoxy 
derivative, fragmentation involving the methoxy substituent appears to 
occur before loss of the chlorine. In the dimethoxy derivative, only 
one of the methoxy substituents is itself involved in the 
fragmentation process; the other appears to remain, even in smaller 
fragments.
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Mass spectra of the adduots formed between 
auinoxalinor2.3-clcinnoIl.nes and 
hydrogen halides
The mass spectra of all adduots show molecular ions corresponding 
to a 1:1 adduct of the respective quinoxalinoC2,3-£.]cinnoline and 
hydrogen halide. llie molecular ion of the adduct of 
quinoxalinocinnoline (42a) and hydrogen chloride shows a major 
fragmentation involving the loss of 30 mass units. The resultant 
fragment at m/e 238/240 then undergoes loss of a chlorine atom to give 
a fragment at m/e 203. The latter fragment appears to undergo further 
fragmentation similar to that of the fragment at m/e 203 observed in 
the mass spectum of the ohloroquinoxalinocinnolines. Therefore, it 
is likely that fragments at m/e 238/240 and 203 have a similar 
structure to the biphenylene form (94 b), mentioned earlier in this 
chapter. Therefore, it would appear that the initial fragmentation 
(i.e. loss of 30 mass units) corresponds to loss of N^H^. In the 
absence of accurate mass data, or meta-stable ions corresponding to 
this process, it is not possible to say for certainty that is
lost, though it is considered likely.
Since the adducts are thought of as having one molecule of 
hydrogen halide covalently bound, and others in ionic association (but 
only show one hydrogen haJ.ide molecule in the mass spectrum), then the 
structure of the molecular ion of the adduct (42 a)+HCl can be 
represented by either of the two structures below (96) and (97).
— 1 0 1  “
N
(96 ) 7
Also observed in the mass spectrum of the adduct (42 a)+HCl is 
the loss of hydrogen chloride from the molecular ion, to give a 
fragment at m/e 232 which then loses 28 mass units (presumably 
nitrogen) to give a fragment at m/e 204 which undergoes further 
fragmentation similar to that observed for the fragment at m/e 204 in 
the mass spectrum of (42 a). These processes are represented below.
m/e 268/270
- I h c i
.r ^13^6
m/e 211/213
C14^7^2^^
-HCN
m/e 238/240 
Cl'
V 2 Im/e 203
The mass spectra of the remaining adducts appear to fall into two 
categories:
i) Those adducts formed between quinoxalinocinnolines unsubstituted at 
position 10, and hydrogen halides, show mass spectra with similar 
features to those of the adduct (42 a)+HCl, The loss of 30 mass units
from M" is seen, along with loss of hydrogen halide (though the latter
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appears to be a less prominent process). Further fragmentation 
appears to be similar to those observed in the mass spectra of the 
quinoxalinocinnolines, for fragments of the same m/e values,
ii) Those adducts formed between quinoxalinocinnolines with halogeno- 
substituents at position 10, and hydrogen halides, (i.e. those 
considered to have geminal halogen substituents at positon 10), no 
longer show loss of 30 mass units as being the major initial 
fragmentation process. Loss of hydrogen halide appears to have become 
the initial primary process. Within this group of adducts, 
differences are seen between the spectra of the mixed halogen 
adducts. The adduot formed between lO-bromoquinoxalinocinnoline and 
hydrogen chloride shows two molecular ions, one containing a bromine 
atom and a chlorine atom, the other two chlorine atoms and a bromine 
atom* Tne major fragmentation process observed for both molecular 
ions are loss of hydrogen bromide or a bromine atom, followed by lossiof 
hydrogen chloride or a chlorine atom. The reverse process is not 
observed.
The mass spectrum of the adduct formed between tne 10-chioro~ 
quinoxalinocinnoline and hydrogen bromide shows a molecular ion with a 
chlorine atom and a bromine atom. The major fragmentation process 
observed here is loss of hydrogen chloride or a chlorine atom, 
followed by loss of hydrogen bromide or a bromine atom. The reverse 
process is not seen. There is a fragment in the mass spectrum of this 
adduct that may be a fragmentation product of a dibromo-mono-chioro 
adduct (at m/e 312/314), possibly by loss of a bromine and chlorine 
atom.
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The difference between the mass spectra of the two above
mentioned adducts is thought to be due to the presence of different
adduct mixtures in each case (see chapter H, p. 58-60).
In the mass spectrum of the adduct formed between 10-methoxy- 
quinoxalinocinnoline and hydrogen chloride, the major fragmentation
process appears to be loss of 30 mass units followed by loss of
hydrogen chloride or a chlorine atom, and fragmentation of the methoxy 
group.
The difference seen between the initial primary process in groups 
(i) and (ii) mentioned above, is considered to be connected with the 
difference between the general structure of the adducts in each case. 
These are represented by (98) and (99).
N
(98) (99)
Assuming the loss of 30 mass units corresponds to loss of NgH^, then 
loss of NgHg from (98) proceeds with formation of a relatively stable 
species (probably similar to the biphenylene species (94 b)). It is 
envisaged that loss of from (99) is less favourable due to the
structural difference (i.e. no hydrogen on C-10), and therefore, loss 
of hydrogen halide occurs.
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Expérimenta].
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Materials and apparatus
%  n.m.r, spectra were recorded on a Bruker WP 80 Fourier Transform
instrument, operating at 80MHz, for 10^ solutions in the appropriate
solvent. For quinoxalino[2,3”*c.]cinnolines, weaker solutions were used
(due to their relative insolubility). TetramethyIsilane was used as
1internal reference. Tables of H n.m.r. for 2-acetamido- 
Nj-(ûrnitrobenzylidsne)anilines are to be found in chapter 1, and for 
quinoxalino[2,3-£.]Ginnolines in chapter 7.
Mass spectra were obtained on an AEI MS-902 spectrometer, operating at 
Î 70eV with a source temperature of about 200*^ C. Underlined niunbers in 
the mass ‘spectra recorded in this section represent molecular ions.
Abbreviations used; s: singlet, d: doublet, dd: double doublet, bs:
broad singlet, m; multiplet, DMSO: dimethyIsulphoxide, DMF;
dime thy1formamide,
Ultraviolet/visible spectra were recorded for solutions in ethanol, 
acetone, or acetone/water.
Initial starting materials were commercially available compounds, and
unless otherwise stated, were not purified before use.
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EXPERIMENTAL
STARTING MATERIALS
83o-Nitroacetanilide 
To a solution of ^nitroaniline (15g, G. 11 mol) in warm dry 
benzene (20ml), acetic anhydride (16.13ml) was carefully added along 
with 1-2 drops of concentrated sulphuric acid. The mixture was heated 
under reflux on a steam bath for 30 minutes, the solvent evaporated, 
and the residue cooled . A light yellow solid was obtained, which on 
recrystallisation from the minimum amount of aqueous ethanol, gave 
16.9g (86%) of ^nitroacetanilide as pale yellow crystals of m.p. 
92-93°C (lit.92-93°C).
84o-Aminoacetanilide 
0,-Nitroacetanilide (9.0g, 0.05mol) was dissolved in methanol
(I80ml) (the bulk dissolved at room temperature, the remainder 
required gentle heating. On subsequent cooling no reprecipitation 
occurred). To the solution, 10% palladium on charcoal (I.Og) in a 
little methanol was added. The solution was then submitted to 
catalytic hydrogenation at approximately atmospheric pressure. On 
completion of hydrogen uptake (3.77 litres; theoretical value 3.36 
litres), the solution was carefully filtered to remove the catalyst, 
and evaporated to yield 6g (80%) of jo-aminoacetanilide of m.p. 130°C 
(lit.132°C).
854-Chloro-2-nitroacetanilide 
To a solution of of 4-chloro-2-nitroaniline (lOg, 0.0058mol) in
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acetic acid (15inl), acetic anhydride (15m].) was carefully added. îhe 
mixture was heated on a steam bath for one hour, allowed to cool, and 
then poured on to crushed ice. A yellow solid precipitated out and 
was collected and recrystallised from ethanol to give 
4-chloro-2-nitroacetanilide (11.8g, 95%), m. p. 100-102^0 (lit. 
103°C).
ro-Chlorpace tanilide^^
To m-chloroaniline (29.9g, 0.21mol), acetic anhydride (50m].) was
added. The mixture was heated under reflux for two hours, cooled and 
poured on to crushed ice. The resultant precipitate was collected and 
dissolved in ethanol (200ml) containing a little activated charcoal. 
The resulting mixture was boiled for a few minutes, and then filtered 
through celite to remove the charcoal. The solution on cooling and 
concentration yielded 30g (75%) of ji-chioroacetanilide as white prisms 
of m.p. 79°C ( l i t . 7 9 ^ C ) .
875 "-Chloro-2-nltroacetanilide'
A mixture of m-chioroacetanilide (17g, 0.1 mol) in acetic
anhydride (20g) and acetic acid (9g) was cooled to 0°C. The 
temperature was maintained between 0°C and 5°C while a mixture of 
acetic acid (9g) and fuming nitric acid (^1.52: lOg) was slowly
added. After being allowed to stand overnight at room temperature, 
the clear liquid was poured on to crushed ice (400g). The resulting 
precipitate was collected, washed with water and dried under vacuum. 
The dry solid was triturated with two 100ml portions of dry benzene, 
leaving 3*5g (19%) of insoluble 3-chloro-4-nitroacetanilide of m.p. 
141-143°C (lit.,^^ 145^0). Evaporation of the benzene washings
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yielded a pale brown solid, which on recrystallisation from 95%
ethanol gave ll.Og (60%) of 5~ohloro-2-nitroacetanilide as straw
coloured fibres of m.p. 118-120°C (lit.,^^ 11T-118°C).
2-Amino~4-Ghloroao.etanilide^ ^ 
4“Chloro~2-nitroacetanilide (15.7g, 0.073mol) was gradually
added, with stirring, to iron powder (13*3g) in water (42.3ml) and 
acetic acid (1.5ml). As the solid was added, the temperature of the 
reaction mixture was held in the range 65-80°C. When addition of all 
solid was complete, the temperature was held at 80°C for a few 
minutes, after which calcium carbonate (3*62g) was added to neutralise
the excess of acid. After 10 minutes the hot mixture was filtered
through a celite bed. The product was extracted from the filter cake 
by repeated washing with boiling ethanol. On evaporation of the 
washings, 8.4g (66%) of 2-amino~4~-chloroacetanilide was obtained as
white needles of m.p. 144-145°C (lit.144°C).
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2-Amino-5-ohloroacetanilide 
Using the above described method for 4~chloro~2-nitro- 
acetanilide, 5“Chloro~2-nitroacetanilide (10.6g, 0.05mol) was reduced 
with iron and acetic acid to yield 6g (70%) of 
2~aminO“5-chloroacetanilide as white needles of m.p. 144-145*^C 
(lit.,89 130-132°C).
Found: 0,51.8; H,4.9; N,15.2. CgH^ClN^O requires 
C, 52.0; H, 4.9; K, 15.2%. n.m.r. spectrum: (DMSO-^^)
3.82 (2 H, s, NHg); 6.75 (1 H, d, H-3); 6.96 (1 H, dd, H-4);
7.42 (1 H, d. H-6); 9.22 (1 H, bs, NH);  ^8.2Hz, ^
was not observed.
4-Methoxv-2~nitroacetanilide^^
4-Methoxy”2-nitroacetanilide (lOg, 0.06mol) was dissolved in 
acetic acid (15ml), and acetic anhydride (15ml) was carefully added. 
The mixture was heated on a steam bath for one hour, then poured on to 
crushed ice. The resulting yellow precipitate was collected and 
recrystallised from ethanol to give of ^^Methoxy-Z-nitroacetanilide 
(11.45g, 91%) as bright yellow needles of m.p. 114-115^0 (lit.
115°C).
912 - Am i no- 4 - me th ox V a G e t a ni 1 i d e 
4“Methoxy“2-nitroacetanilide (4.23g, 0.02mol) in ethanol (120ml)
was catalytically hydrogenated as previously described, using 0.6g of 
catalyst. On completion of hydrogen uptake (1.47 litres, theoretical 
value 1.34 litres), removal of the catalyst and evaporation of 90% of 
the solvent, 2-amino-4-methoxyacetanilide (3.3g, 91%) was obtained as
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colourless needles of m.p. 147-148^0 (lit.,9** 146“148^C).
<524-Methvl-2-nitroacetanilide 
A solution of 4-methyl-2-nitroaniline (14.3g, 0.094mol) in acetic 
anhydride ( 16m].) was heated under reflux for 2.5 hours. On cooling,
the solution was poured on to crushed and the resulting solid was
recrystallised from 30% ethanol to give 15.1 g (85%) of
4-methyl-2-nitroacetanilide as orange needles of m.p. 91-92^0
(lit.,92 91_92°C).
2-Ami no-4-me thvlacetanilide 
A solution of 4-methyl-2-nitroacetanilide (5.9g, 0.03mol) in
methanol (150ml) was catalytically reduced as previously described, 
using 0.8g of catalyst. On completion of hydrogen uptake (2.3 litres, 
theoretical value 2.1 litres), removal of catalyst, and evaporation of 
the bulk of the solvent, 4.8g (90%) of 2-amino-4-methylacetanilide was 
obtained as white crystals of m.p. 133-134^0 (lit.,93 131-132^0).
P"Bromoacetanilide9  ^
jg.-Bromoaniline (25g, 0.14mol) was partially dissolved in acetic
acid (20ml), to which acetic anhydride (20ml) was carefully added. 
During this process all the remaining solid dissolved. The solution 
was gently heated on a water bath for a few minutes, during which time 
a white precipitate formed. This precipitate was collected, washed 
with water and dried, 27g (89%) of p-bromoacetanilide being obtained 
as white crystals of m.p. 167^0 (lit.,"'^  168^C).
954-Bromo-2-nl troace tanj.l ide
Ill
Concentrated nitric acid (7ml, jd 1.42) was added dropwise with 
shaking to a solution of p-bromoacetanilide (20,Og, 0.093mol) in 
concentrated sulphuric acid (150ml) cooled to 3^0. llie solution was 
poured on to crushed ice, a bright yellow precipitate being formed. 
On isolation the precipitate was washed with sodium bicarbonate
solution, and recrystallised from 95% ethanol to give 10.1 g (42%) of
4-brorao~2-ni troace t;
(lit.,95 103-104°G)
~2-nitroace anilide as yellow needles of m.p. 102-103^0
2-Amino-4-bromoacetanilide
4-Bromo~2“nitroacetanilide (9g, 0.035mol) was reduced with iron 
powder (3*9g) in water (29ml) and acetic acid (1.0ml) in the same 
manner as for 4~chloro~2-nitroacetanilide. The yield was 3.5g (44%)
of 2-amino-4”bromoaoetanilide as white needles of m.p. 161-162^0. 
Found C, 41.6; H, 3.9; N, 12,1. CgH^ErN^O requires 
0, 41.95; H, 4.0; N, 12.2%, & (a o e to n e -d . )  4.8 (2 H, s, NH^),
6.78 (1 H, dd, H-5), 7.04 (1 H, d, H -3 ) ,  7.3 (1 H, d, H -6 ) ,  8.65 
(1 H, bs, NH); J . 8.2Hz, J  ^2.2Hz.D , 0 0,0
m-Bromoace tanilide 
m-Bromoaniline (25g, 0.l4mol) was acetylated in the same manner 
as p-bromoaniline to give 29g (95%) of la-bromoacetanilide as white 
crystals of m.p. 87^C (lit.,9^  87.5°C).
5-Bromo-2~nl troace tanil ide *^^ '97*^8 
A solution of jn-»bromoace tanil ide (29g, 0.135raol) in acetic acid
(26ml), and of concentrated sulphuric acid (48ml), was maintained at 
10°C while fuming nitric acid (d.1.52: 17.6ml) was slowly added. The
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solution was allowed to stand for 30 minutes after which it was poured 
on to crushed ice. % e  resulting precipitate was left overnight to 
solidify fully, and was then filtered and dried. The precipitate was 
triturated with three 100ml portions of dry benzene, the undissolved 
material filtered off, and the filtrate evaporated to dryness. The 
resulting solid was recrystallised from 95% ethanol and yielded 6.7g 
(20%) of 5*-bromo-2~nitroacetanilide as straw coloured crystals of 
m.p, 140^C (lit. ,9^ 144°C). Tlie residue from trituration was treated 
with 200ml of aqueous ethanolic potassium hydroxide solution (75g of 
potassium hydroxide in 475ml of water and 100ml of ethanol) to remove 
any remaining p-nitro compound, and an insololuble residue was fitered 
off, washed with water and recrystallised from 95% ethanol to give 
I4.05g (42%) of 3-bromo-4-nitroacetanilide as straw coloured crystals
of m.p. 145-148°C (lit.,9® 150-151°C). The filtrate from the above 
was acidified with acetic acid and the precipitate was filtered off 
and recrystallised from 96% ethanol, yielding a further 0.31g (1%) of
5-bromo-2-nitroacetanilide of m.p. 140^C,
2-AminO"5_-bromoacetanilide 
5«Bromo-2-nltroacetanilide (7g, 0.027mol) was reduced with iron
and acetic acid as described for 4-chloro-2-nitroacetanilide, yielding 
on recrystallisation from ethanol, 3.6g (46%) of 2 ..amino-
5-bromoacetanilide as white crystals of m.p. 173-“175^C.
Found; C, 42.0; H,4.0; N,12.2. CgH^BrW^O requires 
C, 41.95; H, 4.0; N, 12.2%.
Pr-Chloroaniline (30g, 0.235mol) in acetic acid (50ml) was
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acetylated with acetic anhydride (50ml) using the same method as 
described for p-bromoaniline. The yield was 33.6g (84%) of 
P“Chloroacetanilide as white crystals of m.p. 87-89*^8 (lit. ,8^ 
87-88°C).
6-Chloro-2-nitroacetanilide^^^
A solution of p-chloroacetanilide (27g, 0,l6mol) in acetic 
anhydride (32ml) and acetic acid (14,7ml) was maintained at 0-5^C, 
while a mixture of fuming nitric acid (10.5ml, à,: 1.52) and acetic
acid (14.5ml) was carefully added. On completion of addition, the
solution was poured on to crushed ice, and the resultant precipitate 
filtered off and washed with water. The nitration product was shaken 
and stirred with 150ml of ice cold ethanolic aqueous potassium 
hydroxide solution (75g of potassium hydroxide in 475ml of water and
100ml of ethanol), any residue being filtered off and discarded. The
dark red filtrate was allowed to stand for 18 hours at 5-15^0, during 
which time a solid precipitated out. On filtration this solid was 
found to be almost pure 2-chloro-4-nitroaniline of m.p, 102*^ 0 
(lit,,^9^ 102-104^0), Upon treatment of the filtrate with acetic
acid, the colour changed to yellow, and a solid precipitated out.
This was filtered off, washed with water, and recrystallised from 95% 
ethanol to give 5.26g (1S>) of 6 ~chl or o-2-ni troace. tanil ide as straw 
coloured needles of m.p. 190-191*^0 (lit. 194^0).
6-Chloro-2-nitroacecanilide (lOg, 0.047mol) was reduced with iron 
and acetic acid as described for>(-ehlorc-2-ni troace tanilide, giving 
2.4g (30%) of 2-amino-6-chloroacetanilide as white needles of m.p.
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138-140°C on recrystallisation from ethanol.
Found: C, 51.6; H, 4.8; N, 15.0. CgH^N^CCl requires C, ,
52.0; H, 4.9; N, 15.2%.
2.4-Dichi orpacetanilide^^
2,4-Dichloroaniline (40g, 0.247mol) was dissolved in acetic
anhydride and the solution heated on a steam bath for 0.5 h. The 
product which recrystallised on cooling was filtered off, dissolved in 
ethanol and decolourised with charcoal. The resultant solution, on 
removal of the charcoal, and subsequent concentration, gave 31.24g 
(62%) of 2,4-dichloroacetanilide as white crystals of m.p. 143-145^0 
(lit.,99 147°C).
-416-Dichlor_o-2-ni troace tanil ide^^^
To each of four securely clamped beakers cooled on ice, 30ml of 
fuming nitric acid (d.: 1.52) was carefully added. When the
temperature of each was below 5°C, 7g (0.034mol) of 2,4-dichloro-
acetanilide was added in small portions with constant stirring to each
beaker, while the temperature was held at 5~15^C. On completion of
addition, the content of each beaker was poured on to crushed ice,
and a yellow solid was precipitated out. On filtration and
recrystallisation from methanol, a total of 31*5g (92%) of
4,6-dichloro-2-nitroacetanilide was obtained as pale straw coloured 
needles of m.p. 187-188°C (lit.,^^^ ISS'^ C).
2-Amino-4.6-dichloroacetanilide 
4,6~Dichloro-2-nitroacetanilide (I6.8g, 0.067mol) was reduced
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with iron and acetic acid as for 4~chioro-2-nitroacetanilide to give 
on recrystallisation from ethanol, 10.42g (70%) of 2-amino-
4,6“dichloroacetanilide as white needles of m.p, 170-172^^.
Found; C, 43.9; H, 3.7; N, 12.9. CLHLClgNgO requires 
C, 43.9; H, 3.7; N, 12.8%. j(DMSO-d,) 5.12 (2 H, s, NH^),
6.75 (1 H, d, H-5 or H-3), 6.86 (1 H, d, H-5 or H-3), 8.05 (i H, 
bs, NH);  ^2.1Hz.
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1014 - Br omo- 2 - ni tr oa ni 1 i ne 
A suspension of 4-bromo-2-nitroaGetanilide (12.8g, 0.05mol) in
70% (by volume) sulphuric acid (120ml) was heated under reflux for 30 
minutes. The deep red solution was poured on to crushed ice, an 
orange solid precipitating out which was collected and washed with 
water. On recrystallisation from ethanol, 8.7g (81%) of
4-brorao-2-nitroaniline was obtained as bright yellow needles of m.p. 
109-110°C (lit.,181 110°C).
1014-Bromo-o-Dhenvlenediamine 
To a thoroughly stirred hot solution of ethanol ( 40mJ.), water 
(80ml) and 20% sodium hydroxide (40%), 4-bromo-2-nitroaniline (8g, 
0.037mol)' in an intimate mixture with of sodium dithionite (26g) was 
carefully added over a period of 80 minutes. The solution darkened 
during this process, and on completion of addition of solid, a further 
40ml of 25% sodium hydroxide and 26g of sodium dithionite was 
carefully added in small portions over a period of 15-20 minutes. On 
completion of the addition of solid, a precipitate was filtered off 
and washed with ether. The filtrate was poured on to crushed ice, 
yielding a second precipitate which was also filtered off and 
extracted with ether. The ether washings and extracts were combined, 
dried over anhydrous sodium sulphate, and evaporated to yield a brown 
oil, which solidified on cooling. The resultant solid was 
recrystallised from ethanol to give 3.1g (45%) of
4-bromo-prphenylenediamine as pale brown plates of m.p. 6l°C 
(lit.,181 63°C).
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Formation of 2"ace.tamido-W-(o-n.1.troben.7.vlxdene)anilines
General Procedure
Method A: Equimolar quantities of the appropriate pL-aminoace tanil ide
and P”nitrobenzaldehyde were ground together to form an intimate 
mixture. Ethanol was added to this mixture, and the solution gently 
heated on a water bath for 5-10 minutes, during which time the product 
anil often precipitated out. The product was filtered off and 
recrystallised from the appropriate solvent (usually ethanol). Method 
B; The two reactants were individually predissolved in ethanol, and 
the solutions mixed. Tlie solutions were heated and the products 
isolated as above (method A).
On occasion a few crystals of toluene-p-sulphonic acid were used 
to assist condensation.
2-AGetamido-N-(o-nitrobenzvlidene)aniline (55 a) 
p~Aminoace tanil ide (4.5g, O.OSmol) and p.-riitrobenz aldehyde (4.9g? 
O.OSmol) in ethanol (20ml) were condensed using method A, to give on 
recrystallisation from ethanol, 7g (82%) of the unsubstituted anil
(55 a) as brilliant yellow needles of m.p. 124-126°C.
Found: C, 63.5, H, 4,6; N, 14.9. requires
0, 63.6; H, 4.6; N, 14.8%.
5-Chloro~2-aGetamido-N-(o-nitrobenzvlidene)aniline (55 b) 
2-AminO”4“Chloroacetanilide (B.lg, 0,017mol) and p-nitro-
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benzaldehyde (2.54g, O.OITmol) in ethanol (20ml) yielded by method A, 
4.31g (82%) of the 5-chloro anil (55 b) as fibrous yellow needles of
m.p. 152-153^0 (from ethanol).
Found: C, 56.4; H, 3-7; N, 13.1. C^gH^gClN^O requires
C, 56.7; H, 3.8; N, 13.2%.
4-.Chloro-2-acetamido~N~(o-nitrobenzvlidene)anlline (55 o) 
2-Amino-5“Chloroacetanilide (3.1g, 0.017mol) and p-nitro-
benzaldehyde (2.54g, 0.017mol) in ethanol (20ml) were condensed using
method A, yielding 4.04g (78%) of the 4-chloro-anil (55 c) as bright 
yellow prisms of m.p. 162-164^C (from ethanol).
Found: C, 56.5; H, 3.7; N, 13.2. C^^H^gClN^O^ requires
C, 56.7; H, 3,8; N, 13,2%.
5-Chloro-2-acetamido-N-(5 -chloro-2-nitrobenzvlidene)aniline (55 d)
2“Amino-4-chloroacetanilide (3.0g, 0.0l6mol) and 5“Chioro-2~
nitrobenzaldehyde (3-0g, 0.0l6mol) in ethanol (20ml) yielded by method 
A, 4.89g of the 5,5’-dichloro-anil (55 d) as fibrous yellow needles of 
m.p. 208-210^0 (from ethanol).
Found: C, 51.2; H, 3.1; N, 11.8. ^Cl^N^O^ requires
C, 51.2; 3.1; 11.9%.
5-Methvl-2-acetamido-N-Co-nitrobenzvlidene)aniline (55 e) 
2-Amino~4-methylacetanilide (2.8g, O.OTTmol) and p-nitro­
benzaldehyde (2.54g, 0.017mol) in ethanol (20ml) yielded by method A,
3.4g (68%) of the 5-methyl-anil (55 e) as fibrous yellow needles of
m.p. 133-134°C (from ethanol).
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Found; C, 64.8; H, 5.05; N, 14.15. requires
C, 64.6; H, 5.1; N, 14.1%.
5-Methoxv-2-aGefcaiaido-N-( o-nitrobenzvlidene)anillne.._(55 f) 
2~AiainO"-4“inethoxyace tanilide (0.9g, 0.005mol) and p. nitro­
benzaldehyde (0.8g, 0.005mol), each in ethanol (15ml), yielded by
method B, 1.31g (77%) of the 5-methoxy-anil (55 f) as fibrous yellow
needles of m.p. 137-138°C (from ethanol).
Found; C, 61.2; H, 4.9; N, 13.25. requires
C, 61.3; H, 4.8; N, 13.4%.
2-Acetamido-N-(5 -chloro-2^nitrobenzvlidene)aniline (55 
p-Aminoacetanilide (1.5g, O.OImol) and 5-chioro-l-nitro­
benzaldehyde (1.85g, O.OImol), each in ethanol (10ml), yielded by
method B, 2.8g (91%) of the 5 '-chioro-anil (55 g) as lemon coloured
fibrous needles of m.p. 200^0 (from ethanol).
Found: C, 56.7; H, 3.7; N, 13.0. C^^H^gClN^Og requires
C, 56.7; H, 3.8; N, 13.2%.
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3.5-DiGhlorQ-2-acetamido-N-"( o- ni ti 
2”Amino~4,6“dichloroacetanilide (2,18g, O.OImol) and p-nitro­
benzaldehyde (1.51g, O.OImol), each in ethanol (15ml), with a few 
crystals of toluene-p-sulphonic acid, yielded by method B, 2.8g (83%) 
of the 3,5-dichloro-anil (55 h) as very pale yellow needles of m.p. 
216-2T7°C (from butanone).
Found C, 50.7; H, 3.1; N, 11.8. ^N^Cl^O^ requires
C, 51.2; H,- 3.15; N, 11.9%.
3.5 -Pi chi or o- 2 - a o e tarn i d o- ( 5 - chi or o- Z- ni tr ob e nz vl ide ne )
aniline _(55_i)
2rAmino-4,6“dichloroacetanilide (2.l8g, O.OImol) and 1.85g of 
5“Chloro-2-nitrobenzaldehyde, each in 15ml of ethanol, gave by method 
B, 2,0g (54%) of the 3',5’,5-trichloro-anil (55 i) as very pale straw 
coloured fibrous needles of m.p. 226-228^0 (from butanone).
3-Chloro-2-aGetamido~N-(o~nitrobenzvlidene)aniline (55 .1) 
2-Amino-6“Chloroacetanilide (1.5g, 0.008mol) and p-nitro­
benzaldehyde (1.27g, 0 .008mol), each in ethanol (15ml), gave by method 
B, 1.78g (68%) of the 3-chloro-anil (55 j) as very pale straw coloured 
fibrous needles of m.p. 186-188^0 (from butanone).
Found C, 56.3; H, 3.9; N, 13.1. CIO requires
0, 56.7; H, 3.8; N, 13.2%.
5-Bromo-2-acetamldo~N-(o-nitrobenzvlidene)anlline (55 k) 
2“Amino-4~broraoacetanilide (2.3g, O.OImol) and p~nitro­
benzaldehyde (1.51g, O.OImol), each in ethanol (15ml), gave by method
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B, 3.05g (87%) of the 5-bromo-anil (55 k) as bright yellow fibrous 
needles of m.p. 160-161*^0 (from ethanol).
Found: C, 50.1; H, 3.3; N, 11.65. requires
0; 49.7; H, 3.3; N, 11.6%.
4-Bromo-2-aGetamido-N-(.Q.-nltrQbenzylldene)aniline._C55__l) 
2-AminO“5”bromoacetanilide (2.3g, O.OImol) and p-nitro­
benzaldehyde (1.51g, 0.01 mol), each in ethanol (15ml), gave by method 
B, 2.6g (74%) of the 4-bromo-anil (55 1) as bright yellow prisms of
m.p. 165-167°C (from ethanol).
Found: 0, 49.6; H, 3.3; N, 11.5. C^^H^^BrN^O^ requires 
requires C, 49*7; H, 3-3; N, 11.6%.
4-(or 5-1 Chloro-N-jo-nitrobenzvliden^o-Dhenylenediamine 
4-Chloro-p-phenylenediamine (1.42g, O.OImol) and p-nitro- 
benzaldehyde (1.51, O.OImol) were each predissolved in ethanol (10ml), 
and the solutions were mixed. The mixture was heated gently on a 
water bath for 5-10 minutes, and on cooling an orange precipitate 
formed, which was filtered off. 4- (or 5~)Chloro-ii-^- 
nitrobenzylidene}-p-phenylenedlaiitine (2.54g, 92%) was obtained as
orange needles of m.p. 90-91 (lit. 92-94*^0). Further
purification was not carried out. I 
II
*  IRef. 30 does not specify the position of the substituent. |I
4-(or 5-)Bromo-N-(o-nitrobenzy-Ildene}-o-Phenvlenediamine |
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4-Bromo-p-phenylenediam.ine (1.87g, O.OImol) and p-nitro- 
benzaldehyde (1.51g, O.OImol), each dissolved in ethanol (10ml), were 
mixed and gently heated on a water bath for 5-10 minutes. On cooling 
an orange precipitate formed, which was was filtered off and dried. A 
mixture of 4- (or 5“)bromo-ü-^-nitrobenzylidene)-p-phenylenediamine 
with a small amount of a colourless contaminant was obtained as 2.7g 
(84%) of orange solid of melting point 78-82^0. No further 
purification was attempted.
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Cyanide induced cyclisation of N'-acetvl-N-o-nltrobenzvlidene-
Q-phenvlenediamines
General Procedure
Suspensions or solutions of the appropriate anil in methanol, 
together with two mole equivalents of potassium cyanide, were heated 
under reflux for varying lengths of time, then cooled on ice. The 
resulting crystalline products (if any) were filtered off, and in some 
cases the filtrates were diluted with water to yield further 
products. Some cyclisations were carried out in air (method A);^^ 
while the majority were carried out in degassed methanol under 
nitrogen (method B). Solvent was degassed by boiling, while being 
infused with a stream of nitrogen gas. The solvent was allowed to 
cool before addition of reactants.
Quinoxalinor2.3"Glcinnoline (42 a)
i) N’-Acetyl-NrP-nitrobenzylidene-p-phenylenediamine (1.41g, 0.005mol) 
and (0.651g, O.OImol) of potassium cyanide in methanol (100ml) was 
heated under reflux for 3 hours, yielding 0,45g (39%) of quinoxalino- 
[2,3-“P]cimioline as orange needles of m.p. 224-226*^0 (lit.^^ 
228-230°C) (from DMF).
ii) The above procedure was repeated, but after 45 minutes, solid 
present in the reaction mixture was filtered off, and the filtrate was 
heated under reflux for the remainder of the 3 hours. An initial crop 
of orange crystals (0.26g), m.p. 224-226°C, was obtained, while
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further product obtained after three hours gave a total yield of 0,46g 
(40%) of quinoxalino[2,3~p]cinnoline as orange needles of m.p. 
2 2 4 - 2 2 6 (from DMF).
iii) (1.4lg; O.OOSmol) of The anil and (0.651g, O.OImol) of potassium 
cyanide were reacted for 1 hour using method B, yielding an initial 
crop of bright orange needles (0.5g) of m.p. 223-225*^0. On dilution, 
of the filtrate a further crop (0.l8g, m.p. 214-216*^0) was obtained. 
Recrystallisation of both crops from Dî-ÎF gave 0.6 g (52%) of 
quinoxalinocinnoline as fibrous orange needles of m.p. 223-225*^0.
Mass spectrum of quinoxalino[2,3-p]cinnoline:
249(4),248(26).233(21),232(100),229(1),228(7),205(16),204(98),
203(21),202(3),201(1),200(10),178(9),177(26),176(4),175(1),153(6), 
154(12),142(9),141 (31),129(10),128( 12),115(9),103(4),102(31),90(30), 
78(2),77(16),76(100),75(30),74(10),61(7),62(11),63(10),51(29),50(74),
10-ChloroouinoxalinoT2,3-clclnnollne (42 b)
i) (1.59g, 0.005mol) of the anil (55 b) and (0.651g, O.OImol) of 
potassium cyanide in methanol (100ml), yielded by method A after 2.5 
hours, 10-chloroquinoxalinocinnoline (O.lg, 7.5%) as orange needles or 
m.p. 240-242°C (from DMF).
Mass spectrum; 26.8(33) ,266( 100) .26 2 ( 20) ,241(6) ,2 40 ( 33) ,23 9(17), 
238(98),234(22),219(10),213(3),211(9),203(44),191(6),176(17)
119(22),112(33),110(99),102(50),76(44),75(88),74(22),63(50),50(44)---
ii) The above procedure was repeated, but the reaction was terminated 
after 25 minutes. A yield of 0.6g (45%) of the 10-chloroquinoxalino- 
cinnoline was obtained as orange needles of m.p. 238-240*^0 (from
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DMF). Further recrystallisation of a small sample from chloroform 
yielded bright red needles of m.p. 251-252*^C.
iii) The above reaction was repeated using the anil (0.77g, 0.0025mol) 
and potassium cyanide (0.325g, O.OSmol), the reaction being terminated 
after 1 hour. The yield was 0.17g (25%) of orange needles of m.p.
239-241^0 (from DMF). Dilution of the filtrate on removal of initial
 ^ oproduct gave a yellow/brown solid of m.p. about 130 C, A mass
spectrum of this material revealed the presence of 4 compounds, the
10-chloroquinoxalinocinnoline (mass ion M"*), and compounds or mass ion
(N+16)'^ , (M+34)+ and (M-4/6) + .
Mass spectrum of mixture:
302(21 ) ,300(63) ,284( 16) ,282(50) ,268(22) .2.66(66) ,262(75) ,256(16), 
254(50),240(37),238(75),234(50),219(25),203(37),168(8),166(31)
126(37),124(75),110(63),106(100)..........
iv) The anil (1.59g, 0.005mol) and potassium cyanide (0.651g) were 
reacted using method B for 35 minutes in methanol ( 100m].). An initial 
crop of 0.43g (32%) of orange needles of m.p. 246-247°C (from DMF) 
was obtained. The filtrate was diluted with water, and 0.3g of a pale 
brown solid of m.p. 180°C (with decomposition) was collected. The 
filtrate was finally extracted with chloroform, the chloroform dried 
over anhydrous sodium sulphate, and then evaporated to yield 0.04g of 
a bright yellow solid of m.p. 300-304°C.
v) The above reaction was repeated, the reaction being terminated 
after 50 minutes. Tlie resulting precipitate was filtered off to yield 
0.47g (35%) of orange needles of m.p. 242-244°C (from DMF). The
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filtrate was diluted with water, yielding 0.3ÎS of a brownish-yellow 
solid which partially melted at 130*^ C, and was totally molten at 
240°C. Mass spectra of the main product and dilution products were 
obtained.
Mass spectrum of main product:
284(3.5) ,282( 10) ,269( 5) ,268(33),267( 15) ,2MHQ01,263(2) ,262( 10),
241(3) ,240(27) ,239(14) ,238(80) ,23501) ,234(3) ,204(3) ,203(30), 
202(4),177(2),176(8),175(1),120(16),119(5),112(30),110(60),
77(40),76(70),75(20),51(10),50(30)..........
Mass spectrum of dilution product:
302(27),300(87),282(2),268(33).266(1001,262(27),240(27),232(80), 
234(7),303(33),178(9),176(27).............
The mass spectrum of the main product from reaction v) shows a 
substantial reduction in the relative proportions of the peaks at 
(M+16)*, (M+34)* and (M-4/6)*, compared to M"^ .
For 10-chloroquinoxalinoC2,3“C.]cinnoline, found:
C, 62.85; H, 2.6; N, 20.8%. N^Cl requires
C, 63.05; H, 2.6; N, 21.0%.
Q-ChlorOQUinoxalino(2.3-clcinnoline (42 c)
i) The 4-chloro-acetamido-anil (55 c) (1.5g, 0.005mol) and potassium 
cyanide (0.651g) were reacted together in methanol (100ml) for 1 hour 
using method A. 9"Chloroquinoxalinocinnoline was obtained as 0.72g 
(54%) of orange needles of m.p. 278^0 (lit.,^^ 274-276°C).
ii) The reaction was repeated using method B, for 25 minutes. An 
initial yield of 0.64g of orange needles of m.p. 278^0 was
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obtained. On dilution of the filtrate, a further 0.225g of brown 
solid was obtained, which on recrystallisation from DMF gave 0.18g of 
the 9-ohloro compound, of m.p. 277^0. Tlie total yield was 0.82g 
(62%).
Mass spectrum of 9-ohloroquinoxalino[2,3-&]oinnollne:
268(33),266(100).240(27),238(83),213(5),211(17),203(98),189(1),
187(3),177(5),176(23),175(3),165(1),163(3),128(13),126(3),124(3), 
112(33),110(98),102(32),101(13),76(47),75(95)..............
2.10-Dichloroauinoxalinor2,3-c]cinnoline (42_d_l
i) The 5,5’-dichloro-acetamido-anil (55 d) (1.76g, O.OOSmol) was 
reacted with potassium cyanide (0.651g) in methanol (100ml) for 40 
minutes using method A. On cooling an orange solid settled out, which 
on filtration and recrystallisation from DMF gave 0.17g (11%) of
2,10-dichloroquinoxalinocinnoline as orange needles of ra.p. 
288-290^0. On dilution of the filtrate with water, 0.1 g of a brown 
solid (m.p. 250°C) was obtained. On being left to stand for a few
hours the filtrate yielded a further 0.07g of a bright yellow solid of 
m.p. 300^0,
Mass spectrum of 2,10-dichloroquinoxalino[2,3T&]cinnoline:
304(7),302(4 4 )_ ,300( 6.3.) ,296(4) ,276(7) ,274(44) ,272(63) ,268(2) ,239(6), 
237(18),202(18),175(2),154(12),162(37),138(8),136(20),112(33),110(100),
101( 20) , 100( 10) , 75( 98)  ...............
Mass spectrum of yellow solid:
338(8),337(4),336(64),335(28),334(98),333(16),308( 12),307(16),306(8), 
305(12),304(48),306(24),302(100),301(16),300(40),298(28),292(12), 
290(40),288(44),287(32),279(8)....................
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il) The previous experiment was repeated with the addition of DMF 
(45ml) as cosolvent. An initial crop of 0.12g (8%) of the 
2,10~dichloroquinoxalinocinnoline, m.p. 287°C was obtained, followed 
by a further 0.13g of yellow solid of m,p. 300*^ 0.
For 2,10-dichloroquinoxalino[2,3“-c.]cinnoline,
found; C, 55.8; H, 1.7; N, 18.8%. C^^H^N^Clg requires
C, 55.8; H, 2.0; N, 18.6%.
Attempted formation of 10-methvlauinoxalinor2.3-clcinnoline (42 e)
i) The 5-methyl-acetamido-anil (55 e) (1.48g, 0.005mol) and potassium
cyanide (0.651g) were reacted together in methanol (100ml) using 
method A, for 3 hours. On cooling 0.6g of brownish solid was
collected. A t.l.c. using methanol as developing solvent (the sample
being applied in chloroform solution to a plate with a silica-gel
coating), indicated the presence of up to 5 or 6 compounds. A mass
spectrum of the mixture was obtained,
280(10),264(80),246(100),218(4).........
ii) The above experiment was repeated using method B, 0.57g of brown 
solid being obtained. Again t.l.c. showed the presence of 5 or 6 
compounds,
10"Methoxyquinoxalinor2,3-clclnnoline (42 f)
i) The 5-methoxy-acetamido-anil (55 f) (1.56g, 0.005mol) and potassium 
cyanide (0.651g) were reacted together in methanol (100ml) for 45 
minutes, using method B. On cooling an orange solid separated out, 
which on isolation and recrystallisation from DMF gave 0.92g (m.p.
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266-268°C) of a mixture of 10-raethoxyquinoxalinocinnoline and a 
by-product of molecular mass M-.^ 16, where M is the molecular mass of 
the methoxyquinoxalinocinnoline. This is thought to be the 5-oxide of 
the methoxyquinoxalinocinnoline. A n.m,r. spectrum of the product
revealed that both compounds were present in approximately equal 
quantities.
Mass spectrum of product mixture;
279(3),278(14),263(17).262(70),235(6),234(26),220(4),219(15),
181(4),180(25),152(10),139(3),138(8),137(7),135(6),125(6),124(16), 
117(10),111(10),110(22),109(26),107(6),106(64),97(22),96(50),95(66),
83(30),82(80),81(98),71(40),70(100),69(80)...............
ii) The previous experiment was repeated, but the solution was heated
under reflux for 2 hours. The final yield of product obtained was
0.8g (60%) of 10-methoxyquinoxalinocinnoline, of m.p. 266-268°C
For 10-me thoxy qui noxal ino [2,3-c.] ci nnoline,
found: C, 69.0; H, 3.85; N, 21.6%. requires
C, 68.7; H, 3.8; N, 21.4%.
2-Chloroauinoxalinor2.3-c1cinnoline (42 (z)
i) The 5’-chloro-acetamido-anil (55 g) (1.59g, 0.005mol) and potassium 
cyanide (0.651g) in methanol (100ml) were reacted for 50 minutes using 
method B. On cooling and filtration, 0.56g (m.p. 255-257^0) of a 
pale yellow solid was collected. Mass spectral analysis revealed this 
to be a mixture of approximately equal proportions of the 
2-chloroquinoxalinocinnoline (mass M), and a by-product of mass Mh-16. 
The approximate yield of each component was 20%.
Mass spectrum of product mixture:
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285(6),284(29),283(15),282(83),269(6),268(33),267(17),266(100)
255(1),254(3),253(2),241(6),240(29),239(15),238(84),203(33) ...
ii) The above experiment was repeated with a reaction time of 2 
hours. A yield of 0.57g (43%) of 2-chloroquinoxalinocinnoline was 
obtained as pale orange needles of m.p. 259-262^0.(lit. 
260-251^0).
Attempted formation of 8,10-dichloroquinoxalinor2.3-cl-
cinnoline (42 h)
The 3,5-dichloro-acetamido-anil (55 h) (1.1g, O.OOSImol) and 
potassium cyanide (0,4lg) in methanol (150ml) were reacted for 45 
minutes using method B. On cooling a dark brown solid was collected, 
and after standing for a few hours, a second crop of brown solid was 
obtained. Both materials had a m.p. of 240-242°, and identical mass 
spectra, which revealed them to be a mixture of the required 8,10- 
dichloroquinoxalinocinnoline (mass M), and a by-product of mass M-hl6 
(from the mass spectrum). The total yield of solid was 0,4g 
Mass spectrum of product mixture:
320(2),319(2),318(15),317(5),316(25),304(6),303(6),302(35),301(9), 
300(53),298(3),296(11),276(12),275(11),274(64),273(14),272(100), 
270(2),268(7),238(9),237(7),236(28),235(8),200(41),162(2),160(18), 
158(27)..............
Attempted formation of 8-chloroauinoxalinor2.3-clcinnoline (42 j)
The 3-chloro-acetamido-anil (55 j) (I.Og, O.OOSImol) and 
potassium cyanide (0.4lg) in methanol (100ml) were reacted usingmethod 
B for 1 hour. On cooling a yellow solid precipitated out, which was
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collected and recrystallised from DMF. A yield of 0.48g of yellow 
needles of m.p. 300-301°C (with decomposition) was obtained. The 
mass spectrum of this substance shows it to be a mixture of the 
required product (mass M), and a by-product of mass M+16.
Mass spectrum of product mixture:
285(6),284(36),283(24),282(100),269(6),268(30),267(18),266(90),234(3), 
253(3),252(24),241(3),239(15),248(24),238(72),126(6),124(60),112(24), 
110(72),76(42),75(96)...........
Attempted formation of 2.8.10-trichloroquinoxalinor2,3-cl-
cinnoline (42 i)
The 3,5,5’-trichloro-acetamido-anil (1.25g, 0.0032mol) and
potassium cyanide (0.4lg) in methanol (150ml) were reacted for one and 
a half hours using method B. On cooling, no precipitate was present, 
and the solution was then diluted with water, yielding a dark brown 
solid. This solid was found to be insoluble in both DMF and an 
ethanol/DMF mixture. Decolourisation with charcoal yielded a 
brownish-orange solid of m.p. 285-287^0. The mass spectrum of the 
solid showed the presence of a compound of mass M+34, where M is the 
mass of the required trichloroquinoxalinocinnoline. No other 
compounds (i.e. of mass M or M-i-16) were seen.
10-Bromoquinoxalinor2.3-Glcinnoline (42 k)
The 5-bromo-acetamido-anil (55 k) (l.Slg, O.OOSmol) and potassium 
cyanide (0,651g) in methanol (100ml) were reacted for 1 hour using 
method B. A yield of 0.78g (50%) of the 1O-broraoquinoxalinocinnoline 
was obtained as copper coloured needles of m.p. 263-265°C (from 
DMF).
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Mass spectrum of 10-bromoquinoxalino[2,3“&]cinnoline 
313(12),312(72).311(12),31QlI0l,285(10),284(65),283(10),282(65),204(7) 
203(30),202(4),183(3),182(15),181(4),180(4),179(2),178(2),177(12), 
176(20),175(5),168(6),167(5),166(20),165(5),163(3),156(3),155(25), 
154(3),153(25),152(3),151(3),142(10),141(10),136(4),135(20),131(8), 
130(6),129(15),128(12),127(3),120(5),119(25),118(4),117(8),116(7), 
115(12),111(4),110(2),109(4),105(10),102(60),93(5),92(8),91(24),
90(3),89(5),88(3),87(2),86(20),85(2),84(2),83(4),82(18),80(18),79(8),
78(3),77(9),76(10),75(30),74(8),73(4)........... 44(80),40(100),.
Found: C, 54.2; H, 2.25; N, 18.1%. C^^H^N^Br requires 
C, 54.0; H, 2.3; N,18.0%.
_9-Bromoquino.xalino[2,3-c]cinnoline (42 I)
The 4”bromO“acetamido-anil (55 1) (1.8lg, O.OOSmol) and potassium 
cyanide (0,651g) in methanol (100ml) were reacted for 1 hour using 
method B. An initial yield of 0.8lg (52%) of the 9-bromo-
quinoxalinocinnoline was obtained as orange needles of m.p. 252-254°C 
(from DMF). Dilution of the filtrate on removal of the initial 
product yielded 0.38g of a brick-red solid of m.p. 267-270°C.
Mass spectrum of 9“bromoquinoxalino[2,3“C.]cinnoline:
328( 1) ,326(1) ,3j2lm)_^ 3_10.(2jll,284(60) ,282(60) ,257(5) ,255(5), ,
205(8),303(70),202(10),182(8),180(8),177(10),176(40),175(12),155(60), 
154(30),153(60),152(30),129(95),128(60),127(20),119(7),117(7),114(15), 
113(6),112(7),111(7),102(70),101(95),100(96),88(55),87(30),76(98), 
75(98),74(96),73(5),64(20),63(40),62(30),61(5),52(20),51(100),
50(100)........
Mass spectrum of the brick-red solid:
321(8),319(8),302(10),300(10),284(2),282(2),275(4),273(3),261(3),
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359(3),238(5),219(4),212(5),210(5),192(40),184(20),183(23),180(12), 
179(13),170(28),168(26),166(28),165(20),164(35),140(7),139(8),138(7),
134(24),131(5),130(5),129(15),104(100),103(40)......
For 9-br omoqui noxal ino [ 2,3 “£.] ci nnol ine
found: C, 53.4; H, 2.2; N, 17.9. C^^H^NyBr requires
C, 54.0; H, 2.3; N, 18.0%.
The analytical result shown is low in carbon, and this was found to be 
the case each time analysis was carried out. The presence of small 
amounts (less than 2%) of the 5-oxide of the parent base is thought to 
be the cause of this problem.
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31Reaction of Schiff bases with ovanide in dimethylformamide
Reaction of N-o-nitrobenzvlidene-o-Dhenylenedi&mlne.
The anil (1.2g, O.OOSmol) and potassium cyanide (0.48g) in DMF 
(20ml) and water (3ml), were stirred together at room temperature for 
3 hours. The solution was poured on to crushed ice, a yellow 
precipitate being formed. Ihis precipitate was filtered, washed with 
water and dried. On recrystallisation from an ethanol/DMF mixture, 
2~amino-3-C0rnitrophenyl)quinoxaline (59 a) was obtained as 0.8g (60%) 
of fibrous yellow needles of melting point 260-261°C (lit,,^^ 260°C),
Reaction of 2-acetamido-N--Co"nitrobenzvlidene)anlline (55_ a)
The 2-acetamido-anil (55 a) (1.32g, 0.04Tmol) and potassium
cyanide (0.48g) in DMF (50ml) and water (3ml) were reacted as 
described in the previous experiment. A yield of 0.9bg (72%) of
2-araino-3~(Ornitrophenyl)quinoxaline (59 a) was obtained as fibrous 
yellow needles of m.p. 260-261°C (from 50:50 ethanol/DMF). The mass 
spectra and K n.m.r. spectra were identical with those obtained from 
the previous experiment.
Reaction of 5.5'-dichloro-2-acetamido-N-(o-nitrobenzvlidene)-
.aniline (55_dJ.
The 5,5’-dichloro-acetamido-anil (55 d) (1.76g, 0,005mol) and
potassium cyanide (0.651g) in DMF (100ml) and water (20ml) were 
reacted as described in the previous experiment. A yield of 1.3g 
(68%) of 2-amino-6-chloro-3-(5-chloro-2-nitrophenyl)quinoxaline (55 d) 
was obtained as fibrous yellow needles, of m.p. 300-301°C (from
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45:45:10 DMF/ethanol/water). The mass spectra and n.m.r. spectra 
of this compound are identical with those of the yellow solid (m.p. 
300°C) obtained from the cyclisation of the same anil with cyanide in 
methanol.
Found; C, 49.9; H, 2.5; N.16.5. C^^HgN^Cl^O^ requires 
C, 50.1; H, 2.4; N, 16.8%.
Attempted c v cl isation of 2 - am ino- 3_-( o-nitr o.Pheny 1 ) _auinoxal Ine^to 
oui noxal ino [ 2.3_-_c 1 cinnol ine-5-oxide _C6 0_.al 
Method A: 2-Amino-3-(a-nitrophenyl)quinoxaline (0.4g, 0.0015mol) was
suspended in a solution of sodium hydroxide (O.lg, 0.0025 mol) in 
methanol (20ml), and the mixture was heated under reflux for 7 hours. 
The solution was poured on to crushed ice, and the solid product 
collected as a mixture of pale yellow and orange/brown solid which 
melted at approximately 200°C, A mass spectrum of the mixture 
indicated that no cyclisation had occured.
102Method B: The solid product from the previous reaction was
suspended in N.-benzyltrimethylammonium hydroxide (20ml of a 40% 
solution in methanol), and heated under reflux for 6 hours. The 
solution was extracted with chloroform (2 30ml), and the chloroform 
extracts (red in colour) were acidified with concentrated KCl until 
the solution was approximately neutral, the colour changing from red 
to yellow. The extracts were then washed with water, dried with 
anhydrous sodium sulphate, and concentrated until solid began to
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form. The mixture v;as left until no more solid had appeared, and the 
latter was filtered off and dried. A yield of 0.21g of a brownish 
solid was obtained, the mass spectrum of which showed the presence of 
a low intensity peak at m/e 232, possibly indicating the presence of 
qui noxalinoci nnoline (42 a) in low yield. No trace of the N-oxide 
(60 a) was detected.
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The reaction of ouinoxalinor2.3-oIcinnoline and, some derivatives 
with phosphorus trichloride
The initial reason for carrying out these reactions was to try 
to deoxygenate a suspected K“oxide. The series was continued 
qualitatively.
Attempted deoxgenation of a mixture_of_ 10-methoxvouinoxalino- 
F2.3-c1cinnoline and its suspected N-oxide 
Phosphorus, trichloride (0.3ml) was added to a mixture of the 
product of the cyanide induced cyclisation of the 
5-methoxy-acetamido-anil (a supposed mixture of the 10-methoxy- 
quinoxalinocinnoline and its ü-oxide) (0.15g), and chloroform (5ml). 
The mixture was heated under reflux for 1 hour. The solution, 
initially orange-red in colour, darkened, and a dark precipitate 
formed. The mixture was neutralised with base (4M NaOH), and the 
organic products extracted with chloroform. The chloroform extracts 
were dried with anhydrous sodium sulphate, evaporated , and the 
resulting solid recrystallised from DMF.
The product thus obtained was in the form of orange-red needles 
of m.p. 226~228°C. n.m.r. indicated that a third methoxy
compound had been formed, with loss of the 10-methoxy- 
quinoxalinocinnoline, but little, if any, apparent loss of the 
suspected N.-oxide (the n.m.r. spectra of reactant and product 
mixtures can be found facing p.38). Mass spectral evidence suggested 
that inclusion of one chlorine atom into the 10-methoxy- 
quinoxalinocinnoline had occurred, giving the 9-chloro-
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lO-methoxy-Quinoxalinocinnoline. The yield (from n.m.r. integrals) 
was about 80% for conversion of the 10-methoxy derivative to the
9-chlorO“10-methoxy derivative.
Reaction with quinoxalino[2.3~clcinnollne 
The previous reaction was repeated on a solution of 
quinoxalino[2,3-£.]cinnoline (42 a) in chloroform (5ml), and 
phosphorus trichloride (0,3ml). A blue precipitate formed that was 
basified as described, giving the 10-chloroquinoxalinocinnoline (42 b) 
(0.16g, 92%) as orange needles of m.p. 248-249^0 (from DMF).
Reaction with 10-chloroquinoxalino[2.3-c1cinnoline 
The reaction was repeated using the 10-chloro derivative (42 b) 
(0.15g), ' giving 10-chloroquinoxalinocinnoline (42 b) (0.14g, 93%) as
the final product. However, a blue precipitate was again obtained, 
indicating that a reaction of some form had occurred.
Reaction with 9-chloroauinoxalinor2.3-clcinnoline 
The reaction was repeated using the 9-ohloro derivative (42 c) 
(0.15g), giving 9,10-dichloroquinoxalinocinnoline (42h ) as orange 
needles (0.l4g, 83%) of m.p. 256-258°C (lit.,31 256-258°C).
Reaction of 10-methoxvquinoxalinor2.3-cleinnoline 
The reaction was repeated using 10-methoxyquinoxalinocinnoline 
(0.1g) in chloroform (3.5ml) and phosphorus trichloride (0.2ml). A 
yield of (0.19g, 79%) of 9-chloro-IO-methoxyquinoxalinocinnoline was
obtained as orange needles of m.p. 242-243° (lit.230-234°C).
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Reaction of quinoxalinor2.3-o1cinnoline. with redistilled and 
dried phosphorus trichloride and chloroform 
To quinoxalino[2,3-0.3cinnoline (0.15g) in freshly redistilled and 
dried chloroform (15ml), freshly redistilled and dried phosphorus
trichloride (0.5ml) was added dropwise with stirring. On addition of 
all phosphorus trichloride, the mixture was heated under reflux for
one hour and then left to cool. The solution had darkened somewhat,
and on filtration yielded a few milligrams of blue solid. Water was
added to the filtrate, resulting in the formation of a deep blue 
precipitate. This was filtered off to give 0.18g of deep blue 
lustrous needles.
The above experiment was repeated, but the mixture was not 
heated. Again, little precipitate formed initially, but on dilution 
with water, 0.18g of blue crystals were obtained. The melting point 
of these crystals was found to be 245-24?°C, and a mass spectrum was 
obtained of them:
270(33) ,2.6 8( 10.0) .240(30) ,238(90) ,232(60) ,204(45) ,203(45),178(6) , 
177(18),176(15),112(15),110(45),76(90),75(88)......
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The reaction of ouinoxalinoT2,3-01 cinnollne. _and_i ts .derivatives 
with gase_ous hydrogen halides
Reaction of quinoxalinor_2., 3-o ] cinnol ine 
wi th_ gaseous. hv_drojum._ohlorljle_
Hydrogen chloride gas was passed through a solution of 
quinoxalinocinnoline (42 a) (0.l6g, 0.00069mol) in chloroform (15ml),
for about 30 seconds. The blue precipitate thus formed (m.p. 
279-281°C) was filtered off, washed thoroughly with chloroform and 
dried. Ihe filtrate and washings were combined, dried with anhydrous 
sodium sulphate, and evaporated to yield O.OIg of orange material of 
m.p. 214-216°C (presumably unreacted starting material).
The ' blue solid, once dried, gave 0.185g of tiny lustrous blue 
crystals. Starting from (0.16-0.01g) of quinoxalino[2,3-C.3cinnoline, 
for quinoxalinocinnoline+nHCl, this is 107% for n=1, 94% for n=2 and
87% for n=3.
The blue compound (0.l6g) was shaken with chloroform (40ml) and 
6M sodium hydroxide (40ml), until the blue solid had dissolved, and 
the organic layer had become orange in colour. The blue solid was 
observed to dissolve at the interface between the aqueous and organic 
layers. On separation of the chloroform layer, it was dried with 
anhydrous sodium sulphate and evaporated , to give
10“Chloroquinoxalino[2,3“£.3cinnoline (42 b) as orange needles of
melting point 248-250°C (from DMF). The yield was 0.095g (64% from
quinoxalinocinnoline (42 a)).
The reaction was repeated using quinoxalinocinnoline (2g), giving
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3.02g of blue crystals of m.p, 280°C. On treatment of all the solid 
with chloroform and sodium hydroxide, the 10-chloro 
quinoxalinocinnoline (1.75g, 75%), (m.p. 250-252°C) was obtained.
For quinoxalinocinnoline-fiiHCl, this is 103% for n=3, and 93% for n=4.
Reaction of quinoxalinor2.3“-o1cinnoline, ■With_p;aseous hydrogen bromlde- 
Quinoxalino[2,3-j£.]cinnoline (42 a) (0.185g, 0,00079mol) in
chloroform (15ml) was treated with hydrogen bromide gas for 2 
minutes. A dark blue-purple solid was precipitated, collected by 
filtration and dried. The filtrate was coloured pale blue, presumably 
due to partial solubility of the solid in chloroform. 0.3g of 
lustrous blue-purple needles were collected. For quin-
oxalinocinnoline+nHBr, this is 95% for n=2, and 79% for n=3-
The blue solid (0.15g) was treated with 6M NaOH and chloroform as 
previously described. The organic layer yielded 0,124g of the 
10-bromoquinoxalinocinnoline (42 k) as lustrous bronze needles of 
m.p. 26l-263°C (from DMF), The overall yield of unsubstituted 
compound to 10-bromo derivative is 70%
Mass spectrum of blue solid;
314(20),312(20).284(15),282(15),279(10),258(10),243(15),232(5),204(12), 
203(15),167(20),163(10),149(100),123(15),111(15),109(15),97(20),
95( 20) ,82( 80) ,80( 80)   .......
Reaction of quinoxalinor2.3-clcinnolins with hydrogen bromide 
in the presence of a radical inhibitor 
Quinoxalinocinnoline (O.lg) in chloroform (30ml), in the presence 
of 2;6-di-t-butyl-prcresol (0.005g), was treated with hydrogen bromide 
gas for 30 minutes. The reaction was carried out in total darkness
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under a nitrogen atmosphere. On completion of the reaction the 
apparatus was flushed out with nitrogen to remove dissolved hydrogen 
bromide. On examination, it was found that a blue precipitate was 
present. This was isolated, and found to have an identical mass 
spectrum to that of the blue solid prepared from the same reactants 
under 'normal* conditions (previous experiment). Basification of the 
blue solid yielded 10-bromoquinoxalinocinnoline as orange needles 
(0.09g» 68%) of m.p. 260-262°, This product was found to be
identical to samples of 10~bromoquinoxalinocinnoline produced by 
alternative methods.
Reaction of 10-chloroauinoxalino[2,3-c]cinnoline with gaseous
hydr oge n ch lo_r M e
10-Chloroquinoxalino[2,3-il3cinnoline (42 b) (0.1g, 0.00038mcl) in 
chloroform (30ml) was treated with gaseous hydrogen chloride for 3 
minutes, a blue precipitate being formed. Ihe blue solid (m.p. 
274“276°C) was collected as 0.l4g of lustrous blue needles. For 
10-chloroquinoxalinocinnoline+nHCl, this is 99% for n=3, and 90% for 
n=4.
The blue solid was treated with sodium hydroxide and chloroform 
as described previously, yielding 0.09g of the 10-chloro- 
quinoxalinocinnoline (90% recovery from starting compound).
Mass spectrum of blue compound:
306( 12),305( 12) ,304.(661,303(30) 30.2(_1QO) ,277(2) ,276( 12) ,275(3) ,274(6), 
272(14),270(10),269(14),268(40),267(24),266(14),265(12),242(2),241(6), 
240(14),239(10),238(22),237(6),236(4),229(4),230(14),231(36),212(6), 
211(2),210(8),206(2),205(4),204(14),203(22),202(20),201(6),154(6), 
153(4),152(98),151(10),150(10),149(8),148(4),147(10),146(16),145(16),
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144(24),129(38),128(20),127(12),126(12),125(8),124(9),112(12),111(30), 
110(26),109(46),103(24),102(40),101(16),100(20),99(12),98(8),97(10), 
79(10),78(14),77(28),76(56),75(74),74(36),73(8),69(8),67(16),65(12), 
64(20),63(28),62(16),52(16),51(26),50(20),49(19),48(20)........
Reaction of 10-chloroquxnoxaXlno[2,3-clGinnolina.m_th gaseous
hydrogen bromldo
10”Chloroquinoxalino[2,3”_Q.]cinnoline (42 b) (O.lg, O.OOOSBmol) in 
chloroform (50ml) was treated with gaseous hydrogen bromide for 30 
minutes, during which time a blue precipitate formed. A yield of
0.15g of lustrous blue needles of melting point greater than 360°C was
obtained. For 10~chloroquinoxalinocinnoline+nHBr, this is 93% for 
n=2, 78% for n=3, and 68% for n=4.
On treatment of the blue solid with sodium hydroxide and
chloroform, 0.094g of orange crystals were obtained of m.p,
243-245°C. The mass spectral and Hi n.m.r. data show that this is 
predominantly the 10-chloro compound, with a trace of a
mono-chloro-mono-bromo compound, probably the 9~bromo-10-chloro
compound (42 p).
Mass spectrum of the blue solid;
350(8).349(6) ,348(29) ,347(8) ,346(_22_) .314(4) ,312(4) ,305(4),304(10) , 
270(24),269(68),268(48),267(100),266(48),243(6),242(13),241(35),
240(44),239(57),238(60),237(5),234(10),233(57),232(33),231(37),206(36),
205(30),204(42),203(62),202(30)  ................
Mass spectrum of product quinoxalinocinnolines;
348(1),346(2) ,344(1),320(1),318(3) ,316(2) ,268 ( J jlL  2M.( j12l, 2 40 ( 33 ), 
238(100),213(11),211(35),204(18),203(93),202(50),176(70),120(10), 
119(96),118(50),..................
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Reaction of 10-bromoQUinoxa3.inor2,3-clolnnoline with gaseous.
hydrogen chloride 
10-Bromoquinoxalino[2,3“C.]cinnoline (42 k) (O.llg, 0.00035mol) in 
chloroform (35ml) was treated with hydrogen chloride for one hour, 
during which time a blue solid was formed. The yield of blue compound 
was 0.13g (m.p. 278-281°C). For 10-bromoquinoxalinocinnoline +nHCl, 
this is 97% for n=2, 87% for n=3, and 80% for n=4.
On basification, 0,073g of orange crystals were obtained, which were
1found to be, from the mass spectral and H n.m.r. data, a mixture of
the 1O-bromo-9-chloro and 10-bromo quinoxalinocinnolines, (42 o) and
(42 k) in approximately 40% and 20% yields respectively. The melting 
point of the mixture was 212-214°C.
Mass spectrum of blue solid:
388(1),386(8),385(4),384(22),383(5),382(19),350(15),349(9),348(51), 
347(12),346(33),315(5),314(33),313(10),312(30),311(9),310(4),307(4), 
306(17),305(9),304(21),303(7),269(6),268(12),267(30),266(9),265(21), 
234(4),233(18),232(36),231(100) ........
Reaction of Q-brQmoquinoxalinor2♦3-clcinnoline with gaseous
hydrogen chloride 
9-Broraoquinoxalino[2,3“C.]cinnoline (42 1) (O.lg, 0,00032mol) in 
chloroform (30ml) was treated with hydrogen chloride gas for 20 
minutes, A blue precipitate formed, yielding 0.14g of blue crystals. 
For 9 “br omoqui noxal inoci nnol ine+nil Cl, this is 103% for n*-3, and 95% 
for n=4. On basification of the blue compound, 9-bromo-
10-chloroquinoxalino[2,3“£.]cinnoline (42 p) was obtained as orange 
needles (0.078g, 70%) of m.p. 274-276°C (from chloroform).
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Mass spectrum of 9“broffio-10-chloroquinoxalino[2,3”*jQ.]Ginnoline:
348(6),346(34),344(24),320(7),318(39),315(28),312(4),310(4),284(4), 
282(4),239(3),238(2),237(12),203(8),202(26),201(4),192(8),190(44), 
188(36),138(5),136(9),134(9),132(5),129(19),128(16),127(4),126(4), 
125(21),124(5),123(20),121(6),119(10),108(10),107(7),105(12),102(16), 
101(18),100(40),99(32),98(13),97(84),96(24),95(60),93(13),91(11),
88(35),87(16),86(7),85(60),84(24),83(100),82(24),81(68)........
For 9“bromO“10-chloroquinoxalino[2,3~c,]cinnoline 
Found C, 49.0; H, 1.9; N, 15.8. C^^H^N^BrCl requires 
C, 48.7; H, 1.75; N, 16.2%.
Reaction of 9-ohloroauinoxalinor2.3-c1cinnoline 
with gaseous hydrogen chloride
9-Chloroquinoxalino[2,3“C.]cinnoline (42 c) (O.lg, 0.00038mol) in 
chloroform (30ml) was treated with hydrogen chloride gas for 10 
minutes. The resultant blue precipitate, on isolation, was obtained 
as 0.13g of lustrous blue needles of m.p. 283-286°C. For
9-chloroquinoxalinocinnoline+nHCl, this is 102% for n-2, 92% for n=3, 
and 84% for n=4. The blue solid was basified, and yielded 
9,1.0“diohloroquinoxalino[2,3-Ç.3cinnoline (42 n) as fibrous red needles 
(0.08lg, 72%) of m.p. 257-258°(l i t . 256-258°C) (from chloroform), 
calculated for C^^H^N^Cl^: C, 55.8; H, 2.0; N, 18.6%.
Found: C, 55.75; H, 2.0; N, 18.7%.
Reaction of Q-ohloroauinoxalinor2.3-c1cinnoline 
with gaseous hvdroaen bromide 
9”Chloroquinoxalino[2,3“C.]cinnoline (42 c) (0.6g, 0.0023mol) in
chloroform (150ml) was treated with hydrogen bromide gas for 30
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minutes. The resulting blue solid, on isolation, was obtained as 
0.79g of lustrous blue needles (m.p. 279“28l°C). For
9“Ohloroquinoxalinocinnoline4-nHBr, this is 101% for n=1, 82% for n=2. 
On basification of the blue solid, 0.5g of red/orange needles were 
obtained of m.p. 235-236°G. Investigation of the product by ^H 
n.m.r. revealed it to be a mixture of the 1O-bromo-9-chloro- and
9-chloroquinoxalinocinnolines (42 o) and (42 c) in the ratio 5:3, of 
overall yields 45% and 27% respectively. No attempt was made to 
separate the components of the mixture.
Reaction of 2-chloroaulnoxalinor2.3-clcinnoline 
with gaseous hydrogen chloride 
2-Chloroquinoxalinocinnoline (42 g) (0.35g, 0.0013mol) in
chloroform (100ml) v?as treated with hydrogen chloride gas for 15 
minutes. The resulting blue precipitate on isolation, was obtained as 
lustrous blue needles of m.p. 290°C. For 2-chloro-
qui noxal inoci nnol ine-t-nHCl, this is 98% for n=3, and 89% for n=4. On 
basification of the blue solid, 2,1O-dichloro- quinoxalinocinnoline 
(42 d) was obtained as orange needles (0.28g, 70%) of m.p. 288-290°
(from chloroform).
Mass spectrum of blue solid:
306(11),305(11),304(66),303(20),302(100),301(30), 276(4),275(4), 
274(24),273(7),272(36)..............
Reaction of a mixture of 2-chloroauinoxalinor2.3-c1cinnoline 
and its 5-oxide with gaseous hydrogen chloride 
A mixture of 2-chloroquinoxalinocinnoline (42 g), and its 5-oxide 
(60 g) (0.3g), was treated with hydrogen chloride gas as described
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above. On filtration of the blue solid 0.19g of blue crystals was 
obtained, which on basification yielded 2,10-dichloro- 
quinoxalinocinnoline (0.075g, 22%) as orange needles of m.p,
228-290°C (from chloroform). Evaporation of the filtrate from above, 
yielded orange yellow crystals (0.l65g) presumably the 5-oxide, of 
m.p. 304-306°C.
Reaction of 8-chioroa ulnoxalino F 2.3-c1clnnoline and its 5-oxide 
with gaseous hydrogen chloride 
A mixture of 8-chior oq ui noxali no ci nnoli ne and its 5-oxide (42 j) 
and (60 j) (0.15g) in chloroform (50ml), was treated with hydrogen 
chloride gas, yielding a purple/red solid. On isolation, O.lg of a 
purple/red powder was obtained. The filtrate remaining when the 
purple/red solid was isolated, yielded on evaporation, the 5-oxide 
(0.079g) as a bright yellow powder. Tliis material was recrystallised 
from ethanol, giving yellow needles of m.p. 319-321°C, but was found 
to be still contaminated with traces of the parent 
quinoxalinocinnoline, therefore a correct elemental analysis could not 
be obtained. On basification, the purple/red solid yielded
8,10-dichioroquinoxalinocinnoline (42 h) (0.075g, 93%) as bright red
needles of m.p. 250-252°C (from chloroform).
Mass spectrum of blue/red solid:
306(13),305(11),304(60),302(100),276(3),275(4),274(10),273(4),
272(7),26 9(4),268(10),267(11),266(7),265(6),240(4),239(4),238(3), 
237(3),231(60),201(4),202(17),203(10),204(7),181(21),177(11),
176(11),175(9),160(11),158(14),146(13),144(18),129(40),128(35), 
109(84),110(20),111(35).............
Mass spectrum of 8-chloroquinoxalino[2,3-&]cinnoline-5-oxide:
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285(2),284(10),283(5),282(30),268(1),266(2),255(17),254(3),253(6),
252(1),240(1),126(30),124(100)..............
Mass spectrum of 8,10“dichloroquinoxalino[2,3-^]cinnoline:
304(4),303(2),302(18),300(31),276(4),275(5),274(40),273(13),
272(73),203(9),202(36),201(7),148(5),146(42),145(15),144(73),
143(13),112(9),111(31),110(27),109(100),108(20),102(18),101(18), 
100(31),99(31),98(12),88(14),87(18),86(13),85(9),84(24),83(16),
81(13),64(14),63(16),62(18),61(14),60(10),57(35),56(12),55(40),
52(10),51(30),50(70),43(54),41(34),39(27)..........
For 8,10“dichloroquinoxalino[2,3-c.]cinnoline
Found; C, 55.75; H, 2.0; N, 18.6. requires
C, 55.8; H, 2.0; N, 18,6%
Reaction of 8.10-dichloroauinoxalinor2.3-c1cinnoline 
and its 5-oxide with gaseous hydrogen chloride 
A mixture of 8,10-dichloroquinoxalinocinnoline and its 5-oxide 
(42 h) and (60 h) (0.15g), in chloroform (50ml), was treated with 
hydrogen chloride gas for 15 minutes. A red/purple solid was formed, 
which on filtration yielded 0.12g of tiny red/purple crystals of 
melting point 315-317°C. For 8,10-dichloroquinoxalinocinnoline+nHCl, 
this is 98% for n=3, and 89% for n=4. The filtrate from above was
evaporated: and dried, yielding a very small quantity of yellowish
material, which was not investigated further. Basification of the 
red/purple material yielded 8,10-dichloroquinoxalinocinnoline (0,08g, 
89%) as red crystals m.p. 250-252°C (from chloroform). This material 
was found to have identical n.m.r, and mass spectra to the product of 
the previous experiment.
Mass spectrum of red/purple product:
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342(5),341(5),340(30),339(20),338(90).336(100),312(1),311(3),
310(9),309(7),308(32),703(10),306(36),305(9),304(50),303(28),
302(94),301(26),300(30),276(6),275(9),274(35),273(17),272(45),
268(8),267(30),266(18),265(70),184(5),182(15),180(42),178(40)..
Reaction of 10-methoxvQuinoxalinor2.3-GlGinnoX:lne 
with gaseous hydrogen chloride
10-Methoxyquinoxalino[2,3-n]oinnoline (42 f) (0.1g) in chloroform 
(20ml) was treated with hydrogen chloride gas for 10 minutes. The 
resulting blue precipitate was isolated, yielding 0.12g of deep blue 
lustrous needles of m.p. 275~277°C. For 10-methoxy- 
quinoxalinocinnoline+nHCl, this is 100% for n=2, and 94% for n=3. On 
treatment of the blue solid with base, 9-ohloro-10- 
methoxyquinoxalino[2,3“£.]oinnoline (42 m) was obtained as red needles 
(0.85g, 76%) of m.p. 242-243% (lit. 230-234%)(from chloroform). 
Mass spectrum of 9-nhloro-10-methoxyquinoxalino[2,3-jl]cinnoline:
299(3),298(24),297(10),296(74),279(2),278(12),272(1),270(16),
268(52),267(10),262(50),256(1),255(12),254(3),253(39),235(8),
234(31),228(1),227(3),226(3),225(18),220(18),219(3),142(40),
141(9),140(100),129(4),128(4),127(5),125(20),107(5),106(68),
100(9),99(34),98(5),97(90),89(10),88(32),77(16),76(19),75(29),
74(15),64(9),63(83),62(39)  ........
Mass spectrum of the blue solid:
300(30),298(90),285(4),283(12),270(8),268(24),256(33),254(100),
221(16),220(20),142(16),140(48),103(15),102(35),98(35),97(80)...
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Reaction of 10-me Ihoxy.q.ulnoxal ino[ 2,3 -c 1 ci nnol i 
j i l  th^gaacous. ..hydrpKen. ch Lo n i^
A mixture of 10-methoxyquinoxalinocinnoline and its 5-oxide
(60 f) (O.lg) in chloroform (20ml) was treated with hydrogen chloride
as described in the previous experiment. From the filtrate, after
removal of the blue solid, IO-methoxyquinoxalinocinnoline-5-oxide 
(60 f) was obtained as 0.04g of orange/yellow needles of m.p.
274-276%. The sample was found to be slightly contaminated with both 
the 9-chloro-10-methoxy- and 10~methoxyquinoxalinocinnolines (42 m) 
and (42 f), therefore elemental analysis was not attempted. However, 
it was possible to obtain a H n.m.r. spectrum of the compound (to be 
found in chapter 6).
Mass spectrum of 10-methoxyquinoxalinocinnoline-5-oxide:
298(2),296(6),279(7),278(42),263(2),262(8),235(5),234(25)
220(3),219(18),124(6),110(12),70(100)............
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Reactions of 10-»halogeno-auinoxalinor2.3-Glclnnol5-nes 
with nucleophiles
A ^Reactions with sodium methoxide
Rea ctX o n_ of 10- ohlor oq ui noxali no E2,3-c]ci nnoli ne 
with methanolic sodium methoxide
10-Chloroquinoxalino[2,3“C.]cinnoline (0.226g, 0.00085mol) was
dissolved by boiling in a solution of sodium methoxide (50mg of sodium 
in 25ml of methanol), and dimethylformamide (10ml, as cosolvent). The 
solution was heated under reflux for one hour, and then allowed to 
cool overnight. An orange precipitate was collected by filtration, 
and washed with water entil the washings were free of chloride ion 
(tested with silver nitrate solution). The solid was recrystallised 
from dimethylformamide, to give 10~methoxyquinoxalino[2,3-^]cinnoline 
(42 f) as bright orange needles (0.185g, 83%) of m.p. 262-254%.
Reaction of 9-chloroouinoxalinor2.3-c}cinnoline 
with sodium methoxide in methanol 
The previous reaction was repeated using 9-chloroquinoxalino- 
[  2 , 3 - jS . ]  ci nnol ine (0.226g, 0.00085mol), except that the solution was
heated under reflux for eight hours. On isolation, the product was 
found to be starting material, in 92% recovery. Increased reaction 
time (up to 10 hours) had no effect on the outcome of the reaction.
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Reaction of 9,10-
with methanolio sodium.
9,10-DLchloroquinoxalinocinnoline (42 n) (0.25g, 0.00083mol) was
dissolved in methanolic sodium methoxide (lOOmg of sodium in 40ml of 
methanol), and the solution was heated under reflux for 1 hour. The 
solution was then diluted with water, and a precipitate obtained. A 
n.m.r. spectrum of the crude product revealed the presence of
9-chloro-'10~methoxyquinoxalinocinnoline (42 m), while the mass 
spectrum revealed the presence of trace amounts of a 
diinethoxyderivative, presumably the 9»10-dimethoxyquinoxalinocinnoline 
(42 q). The yield of product was 0.22g (90%). The crude product was 
dissolved in a further 40ml of the above methoxide solution, and 
heated for a further 1.5 hours, after which product was again obtained 
by dilution. Examination of the product by n.m.r. spectroscopy 
revealed the presence of the previously mentioned two isomers, in the 
ratio of 6:4 in favour of the mono-chloro-mono-methoxy compound. A 
yield of 0.21 g of product was obtained, being approximately 50% of 
(42 m), and 35% of (42 q). Mass spectral data also show the increase 
in the amount of the dimethoxy-derivative. ïhe product was 
redissolved in methoxide solution (40m].), and heated for a further 7.5 
hours. A product was obtained by dilution, and investigated by 
n.m.r. spectroscopy, revealing that the relative proportions of the 
two components had changed to about 5:1 in favour of the 
dimethoxy-compound (42 q). The yield was 0.20g, being 68% of (42 q), 
and 13% of (42 ra). Again, the mass spectrum reflects the change in 
distribution of products.
Mass spectrum of product after 1 hour;
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299(3),298(20),297(10).296(60),293(3),292(20),271(2),270(13),
269(8),268(40),265(1),264(8),.................97(100).....
Mass spectrum of product after 2.5 hours:
299(2).298(7).297(5),296(20) ,293(10),292(32),271(1),270(6),
269(4) ,268( 18) ,265(2),264(13)..........  93(100).....
Mass spectrum of product after 10 hours:
299(3).298(5),297(4),296(16),293(12),292(60),270(3),269(2),
268(8),265(3),264(15),250(3),249(12),142(8),140(3),139(8),
136(75),99(16),97( 100),97(42),............................
Reaction of 10-bromoaulnoxalino[2,3-clcinnoline 
with methanolic sodium methoxide 
10”Bromoquinoxalino[2,3-ii]cinnoline (42 k) (0.155g, O.OOOSraol) 
was treated with methoxide solution (40rag of sodium in 40ml of 
methanol)as previously described for 10 hours. On isolation of the 
product it was found to be mostly starting material, though a trace of 
a methoxy- derivative was detected in the mass spectrum. The recovery 
Was 90%.
Mass spectrum of product:
312(100),310(100).284(30),282(30),262(15).234(6),219(3),203(20).
Reaction of 9<«-bromoQuinoxalinor2. Icinnoline 
with methanolic sodium methoxide 
The previous experiment was repeated using an equal quantity of
9-bromoquinoxalino[2,3“il]cinnoline (42 1). No reaction took place, 
and the starting material was recovered in 95% yield.
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B)Reaotlons of 10-chloroquinoxalino[2,3-c]cinnollne 
with nitrogen nuoleoohlles
a)With Piperidine
10-Ghloroquinoxalinocinnoline (0.266g, O.imol) was added to 
piperidine (30ml). The mixture was heated on a steam bath for 1.5 
hours, the solution becoming deep red in colour. After heating, the 
solution was filtered hot, and a colourless crystalline solid filtered 
off. This solid, which was found to be water soluble was thought to 
be piperidine hydrochloride. The filtrate was evaporated , but some 
piperidine remained. An attempt was made to extract the product into 
chloroform, but in isolation of the product from chloroform it was 
found to be still contaminated with piperidine. The product was then 
dissolved in a 50:50 ethanol/water solution, which was then 
evaporated until solid started to form. The resultant precipitate 
was filtered off, and dried in air. Residual piperidine was no longer 
present. The product was obtained as fine needles, possessing a bronze 
coloured metallic lustre . A yield of 0.25g (79%) was obtained. It 
was found that the compound was very insoluble in most solvents, and 
attempts at recrystallisation from ethanol/water were not successful. 
Although no analysis of this compound was attempted, its mass spectrum 
is consistent with the quinoxalinocinnoline structure, and it is 
considered to be 10-piperidinoquinoxalinocinnoline (42 s).
Mass spectrum of 10-piperidinoquinoxalinooinnoline:
316(2),315(5),314(2),287(3),260(1),231(2),230(4),229(1),204(1),
203(2),159(3),158(3),103(50),102(40),101(15),100(8),93(45),
92(100),91(95),90(55),89(70),74(40),75(50),76(60),77(55),57(45), 
56(50),55(60),53(60),52(60),51(80),50(80)..
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b)With
10-Chloroquinoxalinocinnoline (0.266g, O.OOImol) was dissolved in 
diethylamine (65ml), and the mixture was heated under reflux for 3 
hours. Tlie starting maerial was recovered in 80% yield.
0)With benzyl amine
10-'Chloroquinoxalino[2,3~jQ.]cinnoline (0.226g, O.OOImol) was 
dissolved in benzylamine (50ml) and heated on a steam bath for four 
hours. On cooling, the solution was diluted with water, and filtered 
through filter paper, a dark blue solid being obtained. Hie solid was 
found to be insoluble in most solvents, though in chloroform, a purple 
solution was formed, which on acidification with hydrochloric acid 
turns red in colour. The mass spectrum of the solid indicates it to 
be a 1:1 adduct of 10-chloroquinoxalinocinnoline and benzylamine. 
The melting point of the solid was 260-264°C. The reaction was 
repeated in boiling benzylamine (182-185°C), resulting in recovery of 
10~chloroquinoxalinocinnoline in 70% yield.
Mass spectrum of blue solid:
376(3),375(33),374(12),373(100),372(6),337(1),297(6),296(4),
295(12),298(1),282(3),280(8),269(1),268(6),267(4),266(18),
232(4),231(28),204(5),303(7),202(6).............
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